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Abstract 

The study was generally intended to examine the current situation of Addis Ababa 

city solid and liquid waste management service in ten sample kebeles. The objective 

is to examine the current situation of waste collection, transportation and disposal 

practice. To attain this objective, data were gathered using primary and secondary 

sources as well as from field observation. The primary sources were households; 

taxi drivers; street children; beggars; AASBPDA; AAWSA; AARA; and AACEMA using 

questionnaire and unstructured interview. The secondary data sources were 

AASBPDA; AACSC; AAFEDB; AACEMA; previous researches; records and other 

sources. Data were also obtained from field tour to selected areas. Data obtained is 

presented, interpreted, analyzed and discussed. 

It is found that the city waste disposal system is dumping on land. The public 

throws and drains waste into open places, drainage system and water bodies, which 

would be a cause for bad odor, environmental pollution, flooding, potential area for 

breeding of insects, and the possible spread of diseases. Current waste collection, 

transportation and disposal practices are unable to keep pace with the waste 

generation rate. The high rate of urbanization is not backed with corresponding 

socio-economic development. For instance, the increasing generated waste in the 

city has not been accompanied by adequate sanitation facilities and management 

systems. Infrastructural facilities are not sufficient and inadequate access and high 

cost to basic services. These service deficiencies are accumulated year after year, 

which cause enormous backlog. The backlog, so vast and interrelated, requires huge 

capital to ameliorate. 

Thus in addition to use available opportunities, it will be better to pay attention and 

check for: proper allocation and relocation of waste containers; the suitability, 

proximity and convenience of communal containers to users; timely transportation 

and safe disposal of waste; proper services of sewage, storm water and solid waste 

management which are fundamental to the health and welfare of residents. 

x 



CHAPTER ON E 

1. INTRODUCTION 

1.1. Background 

Human living and the creation of waste go hand in hand. Waste is a by­

product of everyday human living. Thus, the idea of eliminating waste all 

together is an impractical proposit ion, and what is realistic is the 

management of it in an effective manner. Human we llbeing depends on 

such effective management involving the collection, transfer, recycling, 

resource recovery and ultimate disposal of waste (Cairncross and Feachem, 

1993). 

Urbanization and the associated growth of industry and services coup led 

with rapid population growth, technolog ica l developments and mass 

production has contributed to the increase in volumes and types of waste 

generated. This growth has brought challenges and problems. One of the 

problems of urban ization is the amount of solid and liquid waste that is 

generated at a rate that outstrips the ability of the natural environment to 

assimilate and mun icipal authorities to manage (UNDESA, 1999). 

Besides, inappropriate collection, transportation and disposal of waste can 

affect environmental quality and public health, and can constrain future 

development opportunities . Hence, the primary objective of waste 

management is to protect the public and the env ironment from harmful 

effects of waste. 



The city of Addis Ababa is the focus of t his study. It is the cap ital city of 

Ethiopia; the diplomatic capital of Africa and a seat for various Embassies 

and in ternational offices. It is also the center for econom ic and social 

activities, in which social and infrastructure services are relatively found in a 

better situation than other towns of the country (AAFEDB, 2007 and 

AASBPDA, 2008). 

The aforementioned aspects of the city coupled with natural growth and 

migration intensify the rapid increase in population, special expansion and 

in economic activities. These contri buted to the increase in the generation 

of wastes. Thus, the problem of wastes and its management has become 

the concern of its res idents and the city government. 

Therefore, a city with such multi -faceted features has to be given due 

attention by researchers and practitioners' so as to make a better place to 

live and work. Addis Ababa City Government (AACG), wh ich is a component 

of and respons ible to the Federal Government, among others, has been 

given the authority to identify, determine and organ ize municipal services 

(AACG Charter, 2003). Currently, AACG provides sanitation, housing, 

ed ucation, health, slaughter services, construction of access road, bridges, 

parks, recreational centers, and other services. 

Among th e services delivered by AACG, this study focuses on solid and 

liquid waste management service . Solid and liquid waste management 

service is chosen as a topic of t he study see ing that it is directly related to 

env ironmenta l sanitation and public health, which are basic to human 

wel lbeing. 
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1.2. Statement of the Problem 

Waste management in the city of Addis Ababa becomes a growing health 

and environmental concern. Proper management of waste is essential for 

reducing its adverse effects on human and environment. However, waste 

management has enormous challenges. Among others the problem in waste 

collection, transportation and disposal could be cited. 

1. Collection: res idents of the city generate daily a considerable volume 

of both solid and liquid waste. The average daily solid waste generation of 

the city is estimated to be 2,423m 3 or 806.84 tones. Of the city sol id waste, 

71.04 percent (l,721.30m 3
) is collected per day (AASBPDA, 2008). The 

situation of the liquid waste seems worse. The daily waste water generation 

of the city is 169,400m3
. However, on ly 6.27 percent (8,500m 3

) is co llected 

per day (AAWSA, 2008). The remaining, that is, 28.96 percent of the solid 

waste and 93.73 percent of the liquid waste is uncollected . Hence, no 

means for residents than disposing through informal means: disposed on 

open sites, drainage channels and rivers. This shows that waste co llection 

capacity is quite less in comparison with the volume of generated waste. 

2. Transportation: the main challenge in waste transportation is to 

empty communa l containers and pit latrines or septic tanks. The plan is to 

empty communa l containers on average every 2-6 days (AASBPDA, 2008) 

and to empty pit latrines or septic tanks as and when the need arises 

(AAWSA, 2008). In practice, however, container clearing frequency takes 

more t han a week period and the housing units are obliged to stay long to 

clear their pit latrines and septic tanks. 
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3. Disposal: waste disposal is another problem. There are a number of 

informal waste disposal sites. This usually happens due to lack of communal 

containers, remote distance of communal containers and lack of means for 

waste disposal. There are three formal waste disposal sites, one for solid 

waste and the other two for liquid waste. All are open dump sites. The 

formal disposal sites, the comm unal containers and the uncollected waste 

scattered here and there (disposed informally) has no cover at all. This may 

be a threat to human health, surface and ground water. Unsafe waste 

disposal also cause flooding and create a good ground for breeding of 

insects. Disposal of waste either in the informal or formal disposal sites are 

unsafe. Inadequate waste collection, transport and disposal create health 

and environmental problems. 

Recognizing the problem, the city government has taken different 

initiatives : issue proclamations in order to protect illegal (informal) waste 

disposal and establishing new organs: Addis Ababa Sanitation, 

Beautification and Parks Development Agency (AASBPDA) to handle the city 

so lid waste management and Addis Ababa Codes Enforcement and 

Monitoring Agency (AACEMA) to monitor illegal activity and to follow 

implementation of codes. AACG issued proclamation number 1, 1994 on 

Hygiene and Environmental Sanitation; Waste Management Regulation 

number 13/2004 to prohibit people from disposing waste along roads, 

rivers, and other sites. 

Regardless of the encouraging initiatives of AACG, residents of the city have 

not been able to limit or stop illegal waste disposal activities. The regulation 

is repeatedly violated by the community. For instance, according to 

information from AACEMA, during the period of 6 months, f rom September 

2007 to February 2008; 44,481 households ' have vio lated the regul ation 

and dispose waste illegally. Out of these, 2,921 households were penalized. 
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This implies that apart from the initiatives taken by the city government, 

the problem of waste collection, transportation and disposal remains 

untouched. On the other hand, the initiative of the city government seems 

inadequate. Hence, the problem seems deep rooted. Adequately identifying 

all the challenges faced by the city government and the resident is very 

essential. Therefore, this paper, based on the preceding observation, 

focuses on the following research questions:-

1. Why waste collection capacity of Addis Ababa city is less in 

comparison with its waste generation rates? 

2. How timely clearing and emptying of pit latrines and of communal 

containers become the challenge in waste transportation? 

3. What are the factors that make the city waste disposal unsafe? 

1.3. Objectives of the Study 

The general objective of the study is to examine the current situation of 

waste management services in terms of collection, transportation and 

disposal practices. 

The specific objectives of this study are: 

1. to examine the current situation of solid and liquid waste collection, 

transportation and disposal services in the city of Addis Ababa; 

2. to examine waste handling capacity of Addis Ababa City 

Government; 

3. to examine city residents waste management practices; 

4. to recommend possible course of action. 
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1.4. Significance of the Study 

The study will be significant for decision makers to make informed 

decisions, academicians to conduct further research. It will also help to 

provoke debate on waste management issues. In the course of this debate 

better options may be developed. It is hoped that this study will inspire 

visionaries who are able to translate ideas and theories into new initiatives 

in the aspects of waste management. 

1.5 Limitations of the Study 

A plan to make a comparative analysis of waste management between 

public and private sector becomes very difficult mainly because of shortage 

and non availability of data on private sectors. 

1.6. Scope of the study 

The study is limited to solid and liquid waste management. All aspects of 

solid and liquid waste are vast and needs sufficient time and resource . 

Hence, this study covers collection, transportation and disposal of solid and 

liquid waste in the city of Addis Ababa. The study examines the current 

situation of solid and liquid waste collection, transportation and disposal. 

However, some presentation and interpretation have been made based on 

2003 to 2007 data. 
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1.7. Research Methodology 

Descriptive type of research method is used. In other words, colleted data 

is analyzed descriptively. 

1.7.1. Data Collection Techniques and Procedures 

Data is collected using three principal sources: primary data, secondary 

data and observation. These sources used to gather the necessary 

information that addressed the stated research questions and objectives. 

Primary Data: Primary data is collected through questionnaire and 

unstructured interviews. The questionnaire included both close and open ­

ended questions. Particularly open-ended questions are used to extract 

reasons and further explanations. The questionnaires were filled by sample 

households obtained from the ten kebeles selected on simple random 

sampl ing methods. To supplement the data collected through questionnaire, 

unstructured interview was conducted. The objective of this interview was 

to solicit ideas and issues, which has not been covered by the 

questionnaire. Unstructured interview was held with AASBPDA; AAWSA; 

AARA; AAEPA; AACEA; taxi drivers; street chi ldren and beggars. 

Secondary data: The study used secondary sources of data. Secondary 

data was collected via inspection of all available documents and reports of 

AASBPDA, AACEA; AACSC; publication of AAFEDB; Addis Ababa City 

Government Charter; and previous researches. 
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Observation: On top of personal life experiences, field tour to se lected 

areas of the city was carried out. The major area of focus include: 1) landfill 

site located in Kolfe keraneo sub city; 2) the roadsides, drainage systems 

and rivers of the sample kebeles. This observation and experiences acquired 

from just being member of the community help to assess the research 

questions and objectives. 

Data Collection Procedures: Questionnaire was prepared and 

distributed to households . The questionnaire was translated into Amharic 

version and distributed to 200 sample households with the help of data 

collectors. Data co llectors were properly trained . Households were briefly 

told about the purpose of the study and encouraged to cooperate. 

On the other hand, interview was conducted with interviewees on the basis 

of appointment. Data from secondary sources were obtained by getting 

permission from concerned officials. 

1.7.2. Population and Sample Size 

The population of the study includes all the 10 sub cities and 99 kebeles of 

AACG. A sub city has on average 10 kebeles. Since the coverage and 

quality of providing solid and liquid waste management service is assumed 

to vary from one sub city to another, a kebele (which is 10 percent) from 

each sub city is considered to exam ine the current situation of waste 

management and to know the magnitude of the problem on a city wide 

level. One Kebele from each sub city is selected on a simple random 

sampling technique. 
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Accordingly, a total of 200 sample households were selected from the ten 

kebeles, that is, 20 households from each sample kebele. 200 sample sizes 

are taken considering manageability and with the assumption that it will 

represent or reflect the current situation of waste management in the each 

kebele and at a city wide level. Sample households were selected using 

purposive sampling technique. The sampling frame is obtained from the list 

of households recorded and kept by respective kebeles . 

1. 7 .3. Data Analysis 

The data obtained from primary and secondary sources as well as field 

observation is presented, interpreted, analyzed and discussed . Tables are 

interpreted using simple arithmetic procedures such as ratios and 

percentages. 

1.8. Organization of the Paper 

The study is organized into six chapters. The first chapter deals with 

background, statement of the problem, significance, objective, scope, 

limitations and methodology of the study. In the second chapter, a review 

of related literature is carried out. The third chapter is about background 

information of Addis Ababa city and sample households. Description of 

waste management service and households response regarding the service 

is presented in the fourth chapter. Chapter five is about data analysis and 

discussion. The final chapter deals with research findings, conclusion and 

recommendation. 
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CHAPTER TWO 

2. LITERATURE REVIEW 

Waste is created as a result of human activity. It can not be el iminated. The 

best option is proper management. Human well being, environmental 

quality and future development depend on its effective management. 

However, the challenges facing waste management are enormous. To 

overcome the cha llenges studies have been conducted and different policies 

have been issued . In this chapter: the concepts of urban management, 

governance and environmental management; approaches, fundamental s 

and cha llenges of waste management and strategies and options for sound 

waste management will be reviewed. 

2.1. The Concepts of Urban Management, Governance and 

Environmental Management 

The urban management model deals w ith the development and day-to-day 

running of cities (Devas and Rakodi, 1993: 43) and includes topics such as 

public serv ice delivery: education, health, publi c works and waste 

management . It is an attempt of using bus iness- li ke approaches to 

management and finding better ways of running a city, recognizing the 

dynamics and uncertainties of development and the need to adapt rules, 

regulat ions and working attitudes swiftl y to changing circumstances. 

In the course of the 1990s, urban management deve loped into urban 

governance, wh ich recognizes that the state is on ly one of th e actors 

involved in running the city and sha ping its future deve lopment. It is an 

attempt to broaden the scope of attention and to disconnect it from the 
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predominance of public management. Urban governance tries to break with 

the top-down, state- led ideas of running ci ti es to em ph asize the role of 

pa rtnersh ips and diverse institutiona l arrangements. Governance includes 

the whole rang e of actors within civil society, such as community-based or 

grass-roots organizations, NGOs, trade unions, religious organizations and 

businesses sector, both formal and informa l, alongside the various branches 

of government, both national and loca l (Davev et aI., 1997). 

Generally, governance can be thought of as a means to estab lish order 

among stakeholders. Urban environmental management is based on similar 

principles as urban management, the most important difference being that 

urban environmental management looks beyond the city boundaries more, 

especially in terms of environmental consequences of urban development. 

Urban env ironmental management takes a broader approach of sustai nable 

development. It includes major elements: access to housing and services; 

healthy working conditions and a healthy li v ing environment; a 

development pattern that red uces the use of natural resources and does not 

deplete sinks and hence respects ecosystems and biod ivers ity; and seeking 

to include all actors in planning, decision-making and implementation as 

we ll as to integrate different sectors of the economy (Davev et aI. , 1997) . 

2.2. Fundamentals of Waste Management 

In this section concept of waste management, definition of terms, sou rces 

of wastes and agencies for waste management will be discussed. 

Rand (2000) has defined waste management and concepts of it in aspects 

of the waste hierarchy. Summary of it is presented as follows. 
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Sources of waste could be domestic, commercial and industrial. There are 

agencies that are expected to playa role in the management of the wastes 

produced by the aforementioned sources. The agencies for waste 

management are: government, private, community, individual, and local. 

Waste is any material/liquid that is thrown away as unwanted. As per 

physical properties, waste can be categorized as solid and liq uid . 

A. Solid waste: is any waste other than human excreta, urine & waste 

water. Solid waste generally includes- house sweeping, kitchen waste, 

garden waste, agro waste, broken glass, metal, waste paper, plastic, cloths, 

rubber, waste from markets & shopping areas, hotels, etc. It is the organic 

and inorganic waste materials produced by households, commercial & 

industries that have no economic value to the owner. As per 

biodegradability, solid waste can be classified as: 

Biodegradable : are wastes that are completely decomposed by biological 

processes either in presence or in absence of air. Examples are: kitchen 

waste, animal dung, agricultural waste etc. 

Non-biodegradable: are wastes which cannot be decomposed by biological 

processes. These are recyclable and non-recyclable . 

Recyclable: waste having economic values but destined for disposal can be 

recovered and reused along with their energy value. Example: plastic, 

paper, old cloth etc. 

Non-recyclable: Waste which do not have economic value of recovery. 

Example: tetra packs, carbon paper, thermo coal etc. 
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B. Liquid wastes: those that are generated in, or converted to, a liquid 

form for disposal. Storm water, wastewater, and flooding are among the 

liquid wastes. 

Black Water: is waste water generated in the toilet. It contains harmful 

pathogens. Grey water: is waster water generated in the kitchen, bathroom 

and laundry . It may also contain pathogens. 

Waste management is the avoidance (not making waste in the first place), 

minimization (reducing waste, reusing, sorting and recycling), generation 

(when waste is made), on-site storage (where waste is stored temporarily 

when it is first produced), collection (how waste is picked up), transport and 

transfer (how waste is moved), processing and materials recovery (how 

waste is treated or made useful), and disposal (how waste is finally 

discarded) . 

Wherever people live, work or spend their leisure time, they produce waste. 

The type of waste produced will vary depending on the demographics of the 

community: whether it is developed or undeveloped, formal or informal , 

urban or rural, etc. Ones produced by human activity, waste should be 

given due care so as to reduce its effect on human health and the 

environment. 

Waste management can involve solid, liquid, and gaseous substances with 

different methods and fields of expertise . The practice differ for developed 

and developing nations, for urban and rural areas, and for residential, 

industrial, and commercial producers. Waste management for non­

hazardous residential and institutional waste in urban areas is the 

responsibility of local government authorities. 
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Waste Management Concepts: There are a number of concepts about 

waste management, which vary in their usage between countries or 

reg ions. Of the most general and widely-used concepts waste hierarchy is 

one. Waste hierarchy deals with waste prevention, minimization, reuse, 

recycling, energy recovery, and disposal. They are arranged on their order 

of importance. 

The waste hierarchy refers to the "3 Rs" reduce, reuse and recycle, which 

classify waste management strategies according to their desirability in 

terms of waste minimization . The waste hierarchy remains the cornerstone 

of most waste minimization strategies. The aim of the waste hierarchy is to 

extract the maximum practical benefits from products and to generate the 

minimum amount of waste. 

Wastes are generated from human activities. Sources could be: domestics, 

commercia l, agriculture, and so on, which require proper handling to reduce 

its impact on the environment and health. This indicates that there are 

several phases of waste management right from the stage where it is 

generated till it reaches its final destination or at a stage where it is no 

more a threat to the environment. 

2.3. Solid Waste Management Approaches 

Solid waste management approaches state the rationale for storage; 

describe storage containers; state the rationale for refuse collection; 

indicate who has responsibility for refuse collection; identify basic collection 

systems; discuss methods of treating solid wastes; and evaluate the 

methods of solid waste disposal. 
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To this effect Cointreau (1982) has summarized six steps of solid waste 

management approaches. These are: storage, discharge, co llect ion, 

transferring, hauling (transportation), and disposal. 

Storage: Storages of waste basically divided into separate units and 

communal storage. 

In separate unit storage - wastes are put in either standardized or non ­

standardized containers. Non-standardized containers could also be either 

temporary containers such as cartons and plastic bags or permanent 

containers such as plastic or metal bins. Standardized containers are plastic 

or metal bins tagged with the addresses of their owner. The size of the 

containers depends on the weight and density of solid waste, length of 

storage, and climate of the area which affects the frequency of collection. 

In communal storage - containers could be either stationary like four sided 

masonry structure with a door opening and no roof or portable containers 

li ke large steel drums, metal containers that can be lifted by hydraulics, 

wood or metal trailers for use by tractors, and roll on metal containers to be 

used by trailer truck bodies. 

Discharge: If communal storages are used, citizen can discharge their 

waste to the containers at any time. But in the case of separate unit 

storage there should be active participation of the citizen to discharge waste 

properly. Citizens are required to put their waste at permanent container or 

bring out their waste according to a specified route and time schedule of the 

collection vehicle assigned for house-to-house collection. 
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Collection: human, animal, and engine powered are types of waste 

co llection techniques. In human powered co llection technique pushcarts, 

two wheeled dollies with basket, and pedal tricycles can be used . This 

technique is particularly useful for narrow walkways, roads with smooth 

surface, and door-to-door collection in low income areas. 

Animals such as horses, mules, donkeys and oxen can be harnessed for 

waste collection purposes. Animals can be used by saddling containers or 

letting to pull drawn carts. It is useful for cities with slow moving traffic 

such as bicycles and tricycles and in areas where there is poor 

infrastructures such as hilly and narrow roads. In cities with fast moving 

traffic, waste collection should be early in the morning during low traffic 

movement. 

Engine powered waste collection technique uses tricycles with hydraulic 

tipping containers mounted on back, tractors pulling wheeled containers or 

trailers with hydraulically lift containers, and trucks with portable 

containers. This is useful for cities with expensive labor. 

Transferring: It is discharging wastes from smaller pieces of collect ion 

equipment to larger container for transportation to the disposal site . If 

disposal site is close to the collection area, direct haul increase efficiency. 

However if disposal site is a bit farther, transferring waste to a larger 

equipment gives time for the collection equipment and the crew to 

maximize the route and time for provision of collection. 

Hauling: Transportation could be either directly from waste collection area 

or from transferring station to a disposal site. If the landfill is located close 

to the collocation area and it is economical to haul wastes directly to the 

landfill, no need to have transfer stations. 
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Disposal: disposal methods common in developing countries are open 

dumping. Sanitary landfills require capitals and are expensive for 

developing countries. In waste disposal, resource recovery options can be 

used. Due to the high biodegradability and moisture content of wastes in 

the developing countries, composting, biogas conversions, and methane 

recovery from landfills is technically feasible. 

2.4. Liquid Waste Management Approaches 

The discharge of untreated or inadequately treated wastewater from 

industry and sewage causes pollution or harmful effects to the environment 

and human health. Wastewater may be defined as any discharge into the 

environment (effluent or sludge) with or without treatment. Contaminants 

of concern that are present in wastewater include pathogens, nutrients, 

heavy metals, suspended solids, biological oxygen demand, and oi l and 

grease (Zurbrugg, 1999). Zurbrugg further elaborates liquid waste 

management in terms of sanitary crisis, sanitation, and drainage. 

2.4.1. The sanitary crisis 

The rapid growth of population and urbanization results in an overload on 

water sources, improper waste disposal, contamination of streams and a 

long list of service deficiencies. A vicious circle develops in which the 

generated income is so low that a proper service cannot be improved and 

the service is so poor because it cannot recover its costs from the users. 

The growing out flush of dirty water has major environmental implications, 

but the urban development planners ignored the drainage and the frequent 

water treatment. Drain and waste pipes should be of adequate size and be 
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maintained freq uently to prevent clogg ing and the backflow of sewage and 

contaminated wastes. Sewage, food particles, and other wastes shou ld not 

be discharged to the drainage system . 

2.4.2. Sanitation 

The lack of adequate sanitation contributes to high prevalence of water and 

sanitation related diseases. Wastewater, human excreta, storm water and 

flood are causes of pollution. Pit latrin es and septic tanks are common 

sanitation facility in Addis Ababa . Sludge and wastewater collected from 

them are disposed of to the natural wa ter ways and ca use hea lth problems 

and environmental pollution (Ashenafi, 2001). 

The proportion of units that are connected to a 'modern' sewerage system 

is negl igible in Addis Ababa. The system was designed to serve 200,000 

res idents or 38,462 houses, but only 1,600 units are connected to the 

system. Not surprising ly, therefore, the liquid waste that is generated by 

most households in the city either enters the dry pits and septic tanks that 

are commonly fou nd close to most shelters or simply finds its way to the 

city's open ditches and streams which have literally become sewers. Most 

houses in the city do not have toilets. Municipal and private suction trucks 

are used to collect and dump the contents of the toilets that fill up after 

months or years of use. As the municipal trucks are not ava ilable in 

sufficient quantity it is not unusual for households to queue up for the 

service. On . th e other hand, priva te operators requesting a much higher 

service charge. It is common for septic tanks or pit latrines to overflow in 

poor residential areas that have no or limited access roads. The problem is 

worse in the case of those septic tan ks that fill up quite frequently in areas 

that are exposed to flood or ground water flow (Theo Van der Loop, 2002) . 
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2.4.3. Drainage 

Wastewater, which flows in urban drainage systems are derived from storm 

water runoff and base flows. The main driving force resulting in storm water 

runoff in urban drainage systems is rainfall. Pollution of storm water runoff 

results from the contam ination of rainwater through contact with various 

substances from the time of its origin in the atmosphere until the moment 

of its discharge into a receiving body of water. 

Storm water is ra inwater run-off from hard surfaces such as roofs, roads, 

paths and ground surfaces, as well as the ground water that flows in 

streams. It receives a range of wastes. All storm water ultimately 

discharges to the streams and overland . 

Storm water issues relate to either: quantity (an excess of which causes 

f lood ing) or quality (the pollution in the storm water causes environmenta l 

damage). This pollution comes from a number of sources including sewage 

entering the storm water system such as: heavy metals and hydrocarbons 

mainly associated with car use and combustion; sediment and silt from 

erosion and developments and litter. 

When it comes to storm water management it is quite clear that Addis 

Ababa city has a poorly developed drainage system. Out of 990 kilometers 

asphalted roads only 484 kilometers have got storm drainage lines and 

from 1,453 ki lometers of gravel roads on ly about 466 kilometers have 

drainage channels (AARA, 2008) . 

More often than not unlined channe ls occur in areas where ground profiles 

are steep thereby exposing the areas to erosion as a result of high 
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velocities of flow. On the whole the drainage system of Addis Ababa is sadly 

underdeveloped by any standard (Theo Van der Loop, 2002). 

This being the case, liquid waste has to be properly managed to reduce its 

impact on health, env ironment and economic. According to Schubeler 

(1996) guiding principles for management of such waste are: -

Sustainable development: All members of society are responsible for 

looking after the environment and for the impact of wastes they produce. A 

sustai nable development approach will be undertaken in making future 

decisions with consideration given to environmental , economic, social and 

cultural impacts . 

Liquid waste is a resource: This recognizes that there are beneficia l 

reuse opportunities for both sewage and storm water and possibly waste to 

energy opportunit ies whilst recognizing that the viability of any systems wi ll 

need to be exp lored. 

Liquid waste management enables to reduce (source and volume) waste 

and sustainable disposal. 

Reducing Waste: quantities of waste can be reduced at its source and by 

deploying reused, recycled or recovered after generation . 

Sustainable Disposal: All waste is disposed of in an environmentally 

sustainable manner ensuring the protection of people and ecosystems. 
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2.5. Challenges of Waste Management 

The quantity of waste arising are generally considered to be growing across 

the globe as a result of increase: in the world's population, industrialization, 

urbanization, and rising standards of living (UNEP, 1994). There are many 

factors that vary from place to place and that must be considered in the 

design of a waste management system (Zurbrugg, 2000). Challenges of 

waste management such as: waste problem-waste amount and 

composition, rapid urbanization and growth of urban population, inadequate 

service coverage, and institutions and operational inefficiencies will be 

discussed. 

2.5.1. The Waste Problem - Waste amount and composition 

Domestic waste of industr ialized countries has a high content of packaging: 

made of paper, plastic, glass and metal, and so the waste has a low 

density. In contrast, wastes of developing cou ntries contain large amounts 

of inert such as sand, ash, dust, and stones and high moisture levels 

because of high usage of fresh fruit and vegetables. These factors make the 

waste very dense (high weight per unit volume). The consequences of this 

high density are that vehicles and systems that operate well with low­

density wastes in industrialized countries are not suitable or reliable when 

the wastes are heavy. The combination of extra weight, the abrasiveness of 

the sand and the corrosiveness caused by the water content, can be a 

cause for rapid deterioration of equipment. If the waste contains a high 

proportion of moisture, or is mostly inert material, it is not suitable for 

incineration, and so is the treatment upon is ruled out (Zurbrugg, 2000). 
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2.5.2. Rapid Urbanization, Growth of Urban Population and 

Inadequate Service Coverage 

Economic growth, population increase and rapid urbanization strain 

mun icipa l resources to deal with a booming amount of wastes. As 

addressed by Holmes (1984) higher incomes and econom ic growth also 

tend to have an impact on the compos ition of wastes. Wealthier ind ividuals 

consume more packaged products, which results in a higher percentage of 

inorganic materials: metals, plastics, glass, and textiles in the waste 

stream. Higher volumes of wastes and a cha nging composition with a higher 

content of inorganic materials cou ld have a significant impact on human 

health and the environment. If those additional wastes resulting from 

growth of population, rapid urbanization and economic growth are not 

co llected, treated and disposed of properly, health and environment wi ll 

further deteriorate. 

Waste collection schemes of cit ies in the developing countries genera lly 

serve only a limited part of the urban popu lation, the majority of the people 

especially in slum areas remaining without waste collection services . These 

are usually the low-income earners living in poor conditions in urban areas. 

One of the main causes of inadequate co llection services is the lack of 

financial resources to cope with the increasing amount of generated waste 

(Zurbrugg, 2000) . 

Many sources of waste might only be reached by roads or al leys, wh ich 

might be inaccessible to certain methods of tra nsport because of the ir 

width, slope, congestion or surface. This is especially critical in unplanned 

settlements such as slums or low-income areas and thus largely affects the 

selection equipment. 
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In areas that lack refuse collection, usually low income communities, 

residents tend to either dump their garbage at the nearest vacant lot, public 

space, stream, river, or simply burn it in their areas. Uncollected waste may 

accumulate on the streets and block drains and when it rains, it may cause 

flooding. Wastes can also be carried away by runoff water to rivers, lakes 

and seas, affecting those ecosystems. 

2.5.3. Institutional and Operational Inefficiencies 

Institution issues include the current and intended legislation and the extent 

to which it is enforced. Standards and restrictions may limit the technology 

options that can be considered. The policy of governments regarding the 

role of the private sector should also be taken into account. The strength 

and concerns of trade unions can also have an important influence on what 

can be done. 

Operational inefficiencies are due to inefficient organizational structures and 

procedures, or deficient management capacity of the institutions involved as 

well as the use of inappropriate technologies . With regard to the technical 

system, often the "conventional" collection approach, as developed and 

used in the industrialized countries, is applied in developing countries: 

centralized and undiversified, bureaucratic top-down solutions, capital 

intensive approaches, and the use of the formal sector (UNEP, 1996). 

2.6. Strategies and Options for Sound Waste Management 

Striving for avoidance of pollution or risk to human beings is impracticable. 

What is good instead is to adopt various strategies and options to run a 

sound waste management system. 
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2.6.1. Waste Reduction/Avoidance 

Due to concern over the quantity and toxicity of waste that is being 

produced; waste reduction/avoidance, which is defined as "the prevention 

of waste generation", is placed at the top of waste management hierarchy 

because it is a "waste avoidance" technique. Waste reduction/avoidance has 

the potential to conserve resources, save energy and reduce pollutants. In 

addition, waste reduction/avoidance can also reduce waste collection 

system costs and reduce the need for new landfills and incinerators. Waste 

reduction/avoidance includes the design, manufacture, purchase, or use of 

materials, such as products and packaging, to reduce their quantity and 

toxicity before they enter the waste management system. This is a strategy 

that seems simple in concept but has shown promise. However the amount 

of waste produced, even in developed countries, is often a function of 

culture and affluence. For example the developed countries have developed, 

a "throwaway culture". Consumer goods are cheap and packed, which 

results in significant increases in municipal waste. An emphasis on mass 

production and the development of cheap consumer goods has caused 

quality and longevity of goods to be sacrificed, causing people to be more 

likely to simply throwaway and replace items instead of repairing or 

maintaining them (Zerbock, 2003). 

Resource Recovery: Resource recovery, including recycling, composting 

and combustion is a "waste reuse" technique. The benefits of resource 

recovery include: conserving natural resources, energy, and landfill space 

and providing useful products and economic benefits. However, recycling 

and composting are more than just separation and collection of materials. 

These materials must be processed and reused in order to have a beneficial 

effect on reducing the waste stream. Similarly, combustion facilities must 
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incorporate some form of heat recovery system so that the energy can be 

utilized. Combustion facilities should also incorporate modern air pollution 

control systems to reduce air pollution. 

Recycling: is the collection and separation of materials from waste and the 

subsequent processing to produce marketable products. Separating waste 

materials at the household level occurs almost universally and prevents the 

most valuable and reusable materials from being discarded. Following in­

home retention of valuable material, waste-pickers remove most valuable 

materials either before garbage enters the waste stream or en route. Even 

in the more affluent areas of developing cities, often there are found roving 

buyers of waste materials such as cardboard and glass (UNEP, 1996). 

Recycling inorganic materials is often well developed by the activities of the 

informal sector although such activities are seldom recognized, supported, 

or promoted by the municipal authorities. Recycling has the advantage of: 

reducing costs of the disposal facilities, prolonging the site span, and also 

reducing the environmental impact of disposal sites as the organics are 

largely to blame for the polluting leach and methane problems. 

Composting: It is somewhat more low-technology approach to waste 

management. Wastes of developing nations would theoretically be ideal for 

reduction through composting than industrialized nations. For example, in 

developing nations, the average city's waste stream is over 50 percent 

organic material. However, composting has not been overwhelmingly 

successful and widespread in practice throughout the developing wor ld 

(Hoornweg, et ai, 1999). Composting serves as to reduce the amount of 

waste to be disposed and extending the life of landfills. When done 

correctly, the end result becomes a useful product, capable of being used at 
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the household or farm level to augment soi l nutrient levels and increase 

organic matter in the soil and soil stability . 

Incineration: is burning of waste at high temperature. Purpose is to 

reduce the volume of refuse. However; it may not be appropriate for most 

low-income countries due to high financial start-up and operational capital 

required to implement its facilities. Incinerators should not be located where 

prevailing wind patterns would carry emissions over densely sett led areas. 

Th e use of emissions reduction technology, although expensive, should be 

mandatory. Incineration volatilizes many compounds potentially harmful to 

human health: metals, organics, acid gases, nitrogen oxides, carbon 

monoxide and dust (Rand et ai, 2000 and UNEP, 1996). 

2.6.2. Integrated Waste Management Approach 

Integrated waste management systems incorporate all the policies, 

programs and technologies that are necessary to manage the waste stream. 

An integrated approach to waste management considers the principles of 

sustainable development and waste management hierarchy that must be 

embraced, coordinated, and implemented at the municipal, community, and 

institution levels. It also considers regional specific issues and needs and 

formulates an integrated and appropriate set of solutions unique to each 

context. The role of government in integrated waste management approach 

should be three-fold: to develop and enact legislation and policies that 

promote and ensure protection of the environment, to estab lish agencies to 

implement these programs and to regulate waste management practices 

(Schubeler, 1996 and UNEP, 1996). 
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2.6.3. Landfill 

The final disposal of solid waste is in a landfill. The types are three . 

Open dump or open landfill, which is the most common for all developing 

countries whereby the refuse is simply dumped in low lying areas on open 

land and wastes are tipped haphazardly . 

Semi-controlled or operated landfills are those in which at a designated 

site, the dumped refuse is compacted and daily topsoil cover is provided to 

prevent nuisance. Every kind of municipal, industrial or clinical/hospital 

waste is dumped without segregation and is not engineered to manage t he 

leachate discharge and emissions of landfill gases . 

Sanitary landfills: practiced in developed countries. Have faciliti es for 

interception of leachate generation and its treatment using a series of 

ponds and it has arrangements to control gases from waste decomposition. 

The difference between landfills and dumps is the level of engineeri ng, 

planning and administration involved. Open dumps are characterized by 

lack of engineering measures, no leachate management, no consideration of 

landfill gas management, and few, if any, operational measures such as 

registration of users, control of the number of tipping fronts or compaction 

of waste. Sanitary landfills, on the other hand, are sites where waste is 

allowed to decompose biologically and chemically (Johannessen, 1999). 

Among the three, sanitary land filling is an engineered system which is the 

best option taking into account the likely environmental impacts by the solid 

waste with respect to the pollution of air, water and soil. However, sanitary 

landfill is costly in time of establishment and running its operation. 
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2.7. Participation of Different Actors in Waste Management 

2.7.1. Public Awareness and attitudes 

As generators of waste, the public must be aware of the hazards posed by 

ineffective waste management. Participation by the whole community for 

waste management program is essential to bring about changes in the 

management with respect to source segregation, recovery of reusable and 

recyclables and storage of the waste prior to collection. Public awareness 

and attitudes to waste can affect the whole waste management. All steps in 

waste management services depend on public awareness and participation. 

Thus this is also a crucial issue, which determines the success or failure of a 

waste management system. Hence government and concerned bodies are 

expected to playa key role in bringing about this awareness through role 

play in the municipal waste management programs which in turn creates a 

sense of ownership among the individuals thus developing keen interest for 

shouldering responsibilities (Ohussa and Varshney, 2000). 

2.7.2. Role of informal sector in waste management 

In this sector, there are individuals, families, groups and small enterprises 

that carry out unregistered and unregulated activities. The waste workers 

are motivated by the income from the sale of the wastes and work as 

scavengers, collectors and sweepers despite health hazards. Their 

contribution to the system is also significant but needs organizationa l and 

technical support. This could be achieved by the formation of micro 

enterprises. Scavenging is unavoidable in the developing countries due to 

the economic condition of these people and can help in the recovery of the 

resources for sale to the recycling units (Schubeler, 1996). 

28 



Summary 

Clean places and streets are essential to live and work. As well, clean water 

is the most important substance for human existence. Freshwater from 

rivers, lakes and groundwater are used to irrigate crops, to provide drinking 

water, and for san itation purpose. 

Be this as it means; all human activity, rapid urbanization and the 

associated growth of industry and services coup led with rapid population 

growth are sources and causes to the increase in volumes and types of 

wastes generated. When waste is produced, it eventually returns to the 

natural environment-to land, water or air. The environment that receives 

waste is not able to assimilate it because wastes are dumping faster than 

nature can degrade and absorb. 

This being the case, inadequate management has resulted in the 

accumulation of waste on open lands, in drains, in rivers and in the living 

area of many people, causing a trouble and unpleasant-smelling, 

environmental pollution through leaches from piles (water and soil 

pollution) and burn ing of waste (air pollution), blockage of drains, and the 

spread of diseases. But waste must be disposed in a way that does not 

have an adverse effect on human hea lth and the environment. 

It is, therefore, with the aforesaid idea that this paper will try to focus and 

examine the current situation of Addis Ababa city solid and liquid waste 

management service and the findings of which will be discussed in the 

chapters to come. 
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CHAPTER THREE 

BACKGROUND INFORMATION: CITY OF ADDIS ABABA 

3.1 Geographical Location and History 

Addis Ababa city has an area of 546.4 km 2
. Modern, multistoried buildings 

and traditional v illas are found in Addis Ababa. Its high elevation gives the 

city a pleasant climate. Entoto is the mountain range that eclipses the city 

from the north. Addis Ababa is located at the geographical center of 

Ethiopia. Its topography is constituted by hills , rivers, and plains. The 

temperature is fairly constant throughout the year. Average rainfall is 1200 

millimeter per year, with the major ra ins occurring between June and 

September. Addis Ababa city has a history of 122 years. The site was 

chosen by Empress Taytu Betul and the city was founded in (Hidar 17, 

1879E.C.) 1886 by her husband, Emperor Menelik II (AAFEDB, 2007). 

Addis Ababa became the site of many innovations. These included the 

establishment of the country's first bank- the Bank of Abyssinia founded in 

1905; the first hotel established by Taitu in 1908; the first modern school­

Menelik II School opened in 1902; the first government hospital- Menelik II 

hospital and a state owned printing press in 1911. Here too were the 

erection of the country's first hydroelectric power station on the Akaki ri ve r 

in 1911;and the construction of Addis Ababa Djibouti rail-way that reached 

Addis Ababa in 1917 (AAICB,2006). 

The three nodes for the growth of the city were: the Menilk Palace which 

served as political center; St George church which served as religious 

center; and the Arada center which was created between the church and 
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the palace to serve as a cultural and commercial center. The earlier 

settlements started to spread out around these centers . Emperor Menilik 

took further steps that conso lidated the urbanization process of the city. 

Among these: social and economic activities such as schools, hotels, 

restaurants, banks started to appear and brought about fast growth to the 

city. The Italian occupation period also saw some new developments: 

increased construction, the creation of a new location called the Addis 

Ketema to segregate the indigenous people from the whites and the shifting 

of the market from Arada to Merkato (AAFEDB, 2007). 

The role as a seat of government has helped Addis Ababa to undergo 

various alterations. It has emerged as a city that has both international and 

national significance. The international significance is revealed as it serves 

as seats of various international organ izations and embass ies. The national 

significance of the city also comes as it is the major commercial, industrial, 

education and political center of the country (AAFEDB, 2007). As per the 

1994 population and housing census of Ethiopia, the city of Addis Ababa 

accommodates 27 percent of the total urban population of Ethiopia. Slum 

areas are found in all corners of the city. Wealthy residences and high 

buildings are standing in the midst of slum areas. 

3.2 Physical Characteristics 

The Northern parts of the city are characterized by steep slopes with high 

mountains, flat topped plateau whi le the Southern part is less steep. The 

city is endowed with numerous streams that start from North West and 

North East running toward the south and draining to the Awash River. The 

streams are : Kebena, Ginfle, Bantyiketu, Buhe, Kechene and Akaki ri vers 

(AAEPA, 1997) . 
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Table 3.1: Addis Ababa city area in square kilometer 

Area of the City area growth among 
Year 

City growth City Growth rate 

city the given periods rate in percentage 

1920 33 km 2 Base year Base year Base year 

1984 223.6 km 2 190.6 km 2 6.78 times 577.57 

1990 518.7 km 2 295.10 km 2 2.32 times 131.97 

1994 530.21 km 2 11.51 km 2 1.02 times 2.22 

2004 546.4 km 2 16.19 km 2 1.03 times 3.05 

Source: extracted from AAEPA, 1997 and AAFEDB, 2007 

In reference to table 3.1, the city has shown extensive physical growth over 

the years. In 1920s the area of the city was 33 km2
. The area grew to 

223.6 km 2 in 1984 and 518.7 km2 in 1990. In 1994 the size of the city was 

530.21 km 2
• The present area of the city is 546.4 km 2

• This extensive 

physical growth of the city has contributed to its rapid urbanization . Since 

1991 city area expansion has increased by 27.70km 2
• Emphasis is on 

vertica l expansion not horizontal. To this effect, a number of condomin ium 

houses and multi-storey buildings have been constructing. 

3.3 Demography 

According to the 1994 census, almost all ethn ic groups are represented in 

Addis Ababa due to its position as cap ita l of the country. The major ethnic 

groups represented are the Amhara (48.3 percent), Oromo (19 .2 percent), 

Gurage (17.5 percent), and Tigray (7.6 percent), while others constitute 7.4 

percent of the population . Regarding religion, 82 percent of the population 

is Orthodox Christian, 3.9 percent Protestants, 12.7 percent Muslims, 0.8 

percent Catholics, and 0.6 percent followers of other religions. 
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Table 3.2: Population of Addis Ababa city taken at different censuses 

Year of Size of Population increase Male Female Male to 

survey population number percent Female 

Ratio 

1961 448,512 - - 230,180 218,332 105.43 

1967 683,530 235,018 34.38 337,350 346,180 97.45 

1978 1,167,301 483,771 41.44 553,681 613,620 90.23 

1984 1,400,000 232,699 16.62 655,056 744,944 87 .93 

1994 2,112,737 712,737 33.74 1,002,126 1,110,611 90.23 

2003 2,834,267 721,530 25.46 1,396,453 1,437,814 97.12 

2004 3,113,023 278,756 8.95 1,522,831 1,590,192 95.76 

2005 3,150,692 37,669 1.20 1,470,666 1,680,026 87.54 

2006 3,188,362 37,670 1.18 1,563,501 1,624,861 96.22 

2007 3,250,140 61,778 1.90 1,579,390 1,670,750 94.53 

2008 3,650,889 400,749 10.98 1,753,467 1,897,422 92.41 

Source: AAFEDB, 2007 and AASBPDA, 2008 

As shown in table 3.2, population of Addis Ababa has been increasing year 

after year. For instance, the 1984 census put the population of Addis Ababa 

1.4 million wh ile the 1994 census recorded 2,112.737 people, which 

resulted in an increase of 712,737 or 33.74 percent over a decade period. 

Population has increased due to several factors. Accord ing to AAFEDB 

(2007), the contributing factors for the city population growth are: 

migration, increase in birth rate and decrease in death rate. 

Table 3.3: Migration of people to the city 

years Migration of population in percentage 

1985 51.5 

1995 46.5 

2000 46.9 

Source: AAFEDB, 2007 
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As indicated in table 3.3, migration represents 51.5 percent, 46.5 percent 

and 46.9 percent of the city population in years 1985, 1995, and 2000. 

Migration dra ined rural labor force from agricultural production and created 

problems of unemployment, congestion of settlement and strains on 

existing inadequate social and infrastructural serv ices. 

According to AAFEDB (2007), average annual growth rate of the city 

population has been 2.8; 3.5; 4.9; 2.7 and 2.9percents in the periods 1950-

1960, 1960-1970, 1970-1990, 1990-2000 and 2000-2005 respective ly . 

Table 3.4: Sub cities: population, area, and population density (2008) 

Size of Area in Population 
Sub city Male Female 

km 2 population density 

Arada 358,611 169,020 189,591 9.98 35,932.97 

Addis Ketema 431,399 212,957 218,442 7 .77 55,521.11 

Lideta 362,554 174,152 188,401 11.56 31,362 .8 

Kirkos 406,916 194,012 212,905 15.40 26,423 .12 

Yeka 386,001 179,869 206,132 86.40 4,467.60 

Bole 352,833 165,999 186,835 125.24 2,817.26 

Akaki Kali t i 239,628 115,770 123,858 130.42 1,837.36 

Nifase Silk Lafto 398,129 190,252 207,877 61.21 6,504.31 

Kolfe Kerano 339,186 167,807 171,379 66.17 5,125.98 

Guliele 375,631 183,629 192,002 32.25 11,647.47 

Total 3,650,889 1,753,467 1,897,422 546.40 6681. 71 

Source: AAFEDB, statistical abstract, 2007 

.V 

,.; 

As per tab le 3.4, high popu lation density is found in Addis Ketma and Arada 

sub cities while their total area in square kilometer is small as compared to 

others. Akaki Kal itiie, on the other hand, has less population density. 

Population density is high in those sub cities found at the center. The 

average city population density is 6,681.71 inhabitants per square 

kilometer. 
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(SA, in its population and housing census of 1994, asserts that density of 

occupation is inversely related with maintenance of health and privacy of 

occupants. Infectious disease spread faster in densely populated areas and 

it is more difficult to evacuate people during disasters and calamities. There 

are even suggestions that lack of privacy, high noise levels, etc may tend to 

increase mental illness and maladjustments. 

3.4 Economy 

Different studies indicate that the economy of the city is predominantly 

based on the service sector and the private holdings; especially the informal 

economic activity has a greater contribution . But, the economic activities in 

Addis Ababa are diverse . According to an official statistics from the Federal 

Government of Ethiopia, some 119,197 people in the city are engaged in 

trade and commerce; 113,977 in manufacturing and industry; 80,391 home 

makers of different variety; 71,186 in civil administration; 50,538 in 

transport and communication; 42,514 in education, health and social 

services; 32,685 in hotel and catering services; and 16,602 in agriculture. 

3.5 Employment 

Employment is a means of getting income. Increased in an unemployed 

labor force and demand for service is a result of increased population 

growth. 
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Table 3.5: Employees of AACG by education and sex (2007) 

Education Total Male Female 

Unable to read and write 74 43 31 

Able to read and write 793 412 381 

1-12 grade 14,159 6385 7774 

12 grade plus certificate 7780 3937 3843 

Diploma 6110 3203 2907 

1st Degree 4239 3255 984 

2nd Degree 220 175 45 

3rd Degree 20 15 5 

Unknown 538 195 343 

Total 33,933 17620 16313 

Source: AACSC, statistical abstracts, 2007 

As shown in table 3.5, the city has offered employment for about 33,933 

people. These employees are supposed to render basic services for a 

population of 3,650,889. Out of the total female inhabitants, 0.86 percent 

(16,313) is employed in the city government. The city government has 

almost equal number of male (51.93 percent) and female (48.07 percent) 

employees. But the number of female employees who have diploma and 

above (38.50 percent) is lower than their counterparts (61.50 percent). 

Table 3.6: Unemployment rate in the city of Addis Ababa 

Unemployment rate Above 10 years 

2003 32.1 

2004 29.1 

2005 31.4 

2006 28.6 

Source: AAFEDB, 2007 cited from CSA, 2006 

According to AAFEDB (2007), the city unemployment rate is estimated to be 

23 percent by the year 2007/2008. 
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3.6 Access to and cost of basic services 

Despite the government's effort to avai l basic services, the rapid 

urbanization and population growth pose constra int in meeting the demands 

of the residents of the city. The residents' access to the demands of basic 

services such as: water, sanitation, transport, drainage and education and 

health facilities could be seen as follows. 

3.6.1 Water supply 

According to information from AAWSA (2007), about 88.5 percent of the 

housing units of the city have pipe lin e con nection to taped water supply, 

yet 28.6 percent of the housing units experience frequent disruption . 

3.6.2 Sanitation 

Sanitation is related to the effort to make the city clean and suitable to live 

and work. Of the total generated solid waste, 25 percent are illegally 

dumped waste on streets, drainage channe ls and vacant plots (AAFEDB 

2006). Of the total generated liquid waste, only 1 percent is collected. The 

remaining 99 percent of the liquid waste is left uncollected . This together 

with the unattended solid waste poses enormous challenge to the 

environment and human health (CSA, 1994). 

Safe and efficient disposal of human waste is one of the measurements of 

environmenta l sanitation. Of the 374,742 households': 24.87 percent lack 

private or shared tOilet, 11.99 percent have flush toilets and 63.15 percent 

have pit latrin e. However, from the ava ilab le toilets 63.15 percents are sub­

standard (CSA, 1994). A total of 70 pub lic toilets are available to those who 
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do not have toilet facilities (AASBPDA, 2007). These public toilets are not 

evenly distributed and most of them are not accessible by the population. 

Thus all vacant spaces within the city are common defecation sites. 

3.6.3 Kitchen facilities 

A kitchen is a room used for cooking of meals. Of the 374,742 households': 

26.38 percent have no kitchen facilities at all, 6.19percent have modern 

kitchen and 67.43 percent have traditional kitchen. However, from the 

available kitchen, 67.43 percents are below the standard. The traditional 

kitchen are used to cook meals mainly using firewood, charcoal, cotton 

seeds, sawdust, leaves as fuel (CSA, 1994). 

Kitchen and toilet facilities are almost in a similar status. The number of 

households who do not have toilet facility is almost equal to those who do 

not have kitchen facility and the number of households with a sub standard 

toilet facility is almost equal to those who do have traditional kitchen 

facility. 

To sum up, absence of kitchen and toilet facilities force people to dispose 

and excrete waste in any open places, drainage systems, riverbanks and 

green areas. The sub-standard toilets could also be a cause for 

contamination of groundwater as they may not be cement made or stone 

paved either in their wall or basement. The traditional kitchens on the other 

hand produce high quantity of ash, dust and waste water. This increases 

the volume of solid waste and the discharge of waste water in any available 

places. 
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3.7 Drainage System 

The storm water drainage system consists of piped and open ditches 

constructed along both sides of asphalt and gravel roads. Drainage system 

could be either constructed or excavated natural ditches. Of the total 

2,443kms road network, only 950kms (38.88 percent) have drainage 

facilities, which is quit inadequate. The existing drainage systems are not 

mostly used for their intended purposes. The open ditches are abused by 

disposing solid wastes and draining of waste water (AARA, 2008) . 

To sum up, the high rate of urbanization and its population growth is not 

backed with corresponding economic development and as a result majority 

of urban population is poor, survivi ng be low poverty line. The wide spread 

existence of such poverty is manifested in different forms of socio-economic 

crises like poor infrastructural facilities, high rate of unem ployment, 

shortage of housing, inadequate access to and high cost to basic services 

(AAFEDB, report extract, 2006). These all round ed deficiencies are 

accumulated year after year, wh ich ultimately causes enormous backlog. 

The backlog, so vast and interrelated, requires huge cap ital to improve. 

In order to alleviate these problems, the city government is expected to 

mobilize the general public and create the requisite awareness. Besides, the 

city government has to plan and execute effective and holistic deve lopment 

schemes and guide the urban growth towards achieving sustainable 

development. 

Therefore, based on the factors described above, the chapters to come deal 

with the different aspects of solid and liquid waste manag ement in the city 

of Addis Ababa. 
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3.8 BACKGROUND INFORMATION OF SAMPLE KEBELES 

The sample kebeles are within the jurisdiction of AACG. The city 

government is organized in to 10 sub cities and 99 kebeles. Kebeles have 

their own organizational structure. They are answerable to their respective 

sub cities (AACG Charter, 2003). 

3.8.1 Organization, Power and Functions of a Kebele 

A kebele is a third administrative stratum of the city government and a unit 

of a sub city . A kebele administration in the city has council, chief 

executive, standing committee and social courts. A kebele is a center for 

development and direct popular participation. It is also a location for the 

delivery of basic services. A kebele is accountable to the resident and to the 

respective sub city council. A kebele facilitate conditions in order for 

services to be available within reach of the respective residents. Kebeles are 

responsible to keep its locality clean (AACG Charter, 2003). The kebele 

administration has given the power to : penalize dwellers while throwing and 

draining their waste around the containers, in open spaces, and drainage 

system; conduct a campaign and clean the area; contact the concerned 

body to empty the communal containers; and construct latrines for those 

who do not have such facilities. 

3.8.2 Demographic characteristics 

According to information from AASBPDA and AAFEDB, population of the 

sample kebeles is presented in table 3.7. As a whole, the sample kebele has 

a population of 369,486. Of which, 191,027 are females and 178,459 are 

males . Total male to female ratio is 93.42 percent. In particular, sample 
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kebe les from Addis Ketema, Lideta, Nifase Sil k Lafto and Gulle le sub cities 

have relatively higher population than others . Akaki Kaliti, Bole, and Ko lfe 

Ke rano sub cities have relatively lowest population. Other sub cities (Ki rkos 

and Yeka) have almost equal population . Taking the total population, a 

kebe le has an average population of about 36, 948. 

Table 3.7: Sample kebeles with their population and location 

Sample Population of sampl e kebele Location of 
Number of 

Sub city kebele sample 
household Total Fema le Male 

kebeles 

Arada 09 4991 35,861 19186 16,675 Mosvold 

Addis Ketema 15 4273 47,933 25165 22,768 Bus station 

Lideta 01 1489 40,284 20746 19,538 Tolosa 

Kirkos 18 4195 36,992 20161 16,831 Kasanchs 

Yeka 19 3648 35,091 17721 17,370 Kotebe 

Bole 03 4075 32,076 16295 15,78 1 Lasta 

Akaki Kaliti 03 3454 29,954 15127 14,827 Garaduba 

Nifase Si lk Lafto 12 5749 39,813 20265 19,548 Nifassilk 

Kolfe Kerano 0 1 6552 33,919 'l 17129 ) 1 Ei..,790 ) Kolfe 
~ 

Gullele 04 3210 37,563 19232 18,33 1 Si lassie 

Total 41636 369,486 191,027 178,459 

Source: Extracted from AASBPDA, 2008; AAFEDB, 2007 and Household survey, 2008. 

This study incorporated a sample of 200 households . 20 households from 

each sa m ple kebele. Of the sample households 43.5 percent (87) are 

fema le headed and 56.5 percent (113) are male headed. The survey, 

therefore, under background information of the sample households tries to 

incorporate the fo llowing pOints. 
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3.8.3 Socio-Economic Characteristics of Sample Households 

Socio-economic features include both social services and economic 

activities. The social services include health, education and the like. The 

econom ic activities focus on the engagement of people for income 

generating activities. 

Educational status is an indicator of the leve l of development of a given 

society. Societies at higher status are usually at a higher level of economic 

development whereas those at lower educational status are econom icall y 

poor in relative terms. From this point of view, the educational statuses of 

the sample househo lds in the study kebeles are explained in table 3.8 as 

follows. 

Table 3.8: Educational status of Sample Households 

Sex 

Level of education Ma le Female 

Number Percentage Number Percentage 

Illiterate 33 29.20 25 28.73 

Read and Write 24 21.24 27 31.04 

Grade 10/12 31 27.43 19 21.84 

Diploma and above 25 22.13 16 18.39 

Total 113 100 87 100 

Source: Households survey, 2008. 

In the study area among the 200 respondents, 58(29 percent) of them are 

illiterate; 51(25.5 percent) can able to read and write; 50(25 percent) of 

them have completed grade 10/12; and the rema ining 41(20 .5 percent) are 

graduates having diploma and above . 
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The number of male illiterate (33) is higher than that of female illiterate 

(25). On the other hand, the number of male who completed grade 10/12 

(31) and having diploma and above (25) is by far higher than the number 

of female who has completed grade 10/12 (19) and having diploma and 

above (16). The number of those households who can able to read and 

write is almost eq ual. 

Water connection: Of the sample households, 1.1 percent has piped 

water inside house, 12,43 percent have private piped water in the 

compound, 25.67 percent have shared piped water in the compound, 35.33 

percent have piped water outside the compound, 10,47 percent get their 

water from other sources and 15percent are not willing to describe. 

Kitchen facilities: Of the sample households, 26 percent has no kitchen 

facilities at all, 3.5 percent have modern kitchen and 70 .5 percent have 

traditional kitchen. 87.5 percent of the sample households prepare meals 

mainly using firewood, leaves and cow dung, 3.5 percent use fuel and 

electricity and are not wi lling to describe. 

Toilet Facility: Of the sample households, 27,47 percent lack private or 

shared tOilet, 9.7 percent have flush toilets, 51 percent have pit latrine and 

the remaining are not willing to describe. Few of them are connected to the 

city sewer line. 

Occupation: Of the sample households, 30 percent and 23 percent are 

employees of government and private sectors respectively.19 percent are 

involved in informal sectors, 13 percent are housewives, 7 percent are 

students and 8 percent are not willing to describe their occupation. 
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Respondents' age-sex distribution 

In the study kebeles of the city, there are different age groups of population 

distributed unevenly throughout the survey area . The age sex distribution 

of the sample households is presented in tab le 3.9 as follows. 

Table 3.9: Respondents age-sex distribution 

Sex 
Respondents 

Male Female 
age 

Number Percentage Number Percentage 

18 - 30 28 24.78 21 24 .14 

31 - 45 69 61.06 48 55.17 

46 - 60 10 8.85 11 12 .64 

> 60 6 5.31 7 8.05 

Total 113 100 87 100 

Source: Households survey, 2008. 

As depicted in table 3.9; 162 (81 percent) of the household heads are found 

between the age of 18 and 45 that is the main reproductive and productive 

years. Hence, the likelihood of fertility of female increases very high that in 

turn exacerbates the generation of wastes. But a small segment (18) of the 

female households are at menopause period (age 46 and above). Thus, the 

probability of further reproduction capacity of this age group is very low. 

To sum up, background information of the sample households from the 

randomly selected kebeles looks like as presented above. The population of 

sample kebeles and the necessary services are not compatible. More effort 

should be exerted by the respective kebele administration to ameliorate the 

number of service deficiencies. 
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CHAPTER FOUR 

4. DESCRIPTION OF WASTE MANAGEMENT SERVICE AND 

HOUSEHOLDS RESPONSE REGARDING THE SERVICE 

4.1 Background of waste management in Addis Ababa 

Waste management in the city of Addis Ababa has almost about a history of 

99 years . The municipality of Addis Ababa was established in 1908 with the 

mandate to follow sanitation activities . 35 and 42 years later, public notice 

number 25/1944 and 74/1951 regarding solid waste management were 

enacted. While in 1945, proclamation number 74/1945 was enacted, which 

empowered the municipality to perform hygienic activities. Later in 1955, 

sanitary service was placed under EHSD. After 10 years, in 1965 the 

department selected Repi to be the city's solid waste disposal site. Since 

then Repi is serving as the main and the only solid waste disposal site. In 

1994 the responsibility was shifted to Addis Ababa Health Bureau until the 

establishment of AASBPDA in 2003. AASBPDA was established with 3 
"----

departments, 19 teams (including the 10 teams of the sub cities) and 1,972 

employees (AASBPDA, 2008). Currently, city waste is handled by different 

entities. Solid waste and public toilet is handled by AASBPDA. AAWSA 
c 

handles liquid waste. Private sectors have been also participating in 

collection and disposing of waste. Storm water is managed by AARA. 

4.2 Solid Waste Management 

Characterization of solid waste and waste handling capacity of the city will 

be presented and interpreted. This helps to have a clear understanding and 

would serve as a base for the chapters to follow. 
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4.2.1 Characterization of Solid Waste in Addis Ababa 

Solid wastes are characterized by their sources, by the types of wastes 

produced and by generation rates. 

4.2.1.1 Sources of Solid Waste 

Accord ing to AASBPDA (2008), six sources of solid waste are identified: 

households (76 percent), commercial institutions (9 percent), street 

sweeping (6 percent), industry (5 percent), hotel (3 percent) and hospital 

(1 percent). Household waste covers three fourth of the city's total waste. 

4.2.1.2 Types of Solid Wastes 

Types of solid wastes are vegetable peelings (4.2 percent), papers (2.5 

percent), plastic (2.9 percent), wood (2.3 percent), bone (1.1 percent), 

textiles (2.4 percent), metals (0.9 percent), glasses (0.5 percent), leaf (15 

percent), stone (2.5 percent), and all others (65 .8 percent). Of the total, 70 

percent is recyclable and 15 percent is non-recyclable (AASBPDA 2008) . 

4.2.1.3 Solid Waste Generation Rate 

Density, volume and weight of solid waste are important to estimate 

storage requirements and collection frequencies. The generation rate of 

solid waste is usually given in kgs per person per day and its density in kgs 

per cubic meter. The density of the city waste is estimated to be 333kg/m 3 . 

A high-density waste have high proportions of soil, vegetable matter and 

moisture whereas a low-density waste is mostly plastic and paper 

packaging, with low moisture contents (AASBPDA, 2008). 
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The city solid waste generation rate is 0.221kg/ person/ day. Based on this, 

the solid waste produced in 2008 from the city population is 

0.221kg/person/ day multiplied by 3,650,889 people=806,846.50kg or 

806.84tons or 2,423m3 per day. The amount of solid waste generated per 

day is, therefore, 806,846.50kg by weight or 2,423m 3 by volume. Da ily 

disposal coverage is 0.157kg of 0.221kg, which is 71. 04 percent. Hence, 

daily collection and disposal of would be l,721.30m3 (2,423m 3 multiplied by 

71.04 percent) with 5 trips per day emptying frequency of a veh icle 

(AASBPDA, 2008). The unattended part of the waste is 701.7m 3 per day. 

Daily disposa l coverage of 71.04 percent is not the same as the resu lt in 

table 4.3, which are 68.74 . There is a difference of 2.3 percent . The 

statement - daily disposal coverage is 0.157kg of 0.221kg - is a mere 

declaration of AASBPDA but that of table 4.3 is based on existing capacity. 

The city generated solid waste during the last five years has been on 

average 732,131.8m3
. Du r ing the period, the amount of waste increases 

from year to year except in the year 2004. 

T bl 4 1 W t t d II t d a e as e genera e " co ec e an d d' Isposa coveraq e 

Year 
Generated waste Co llected waste Co llection in 

in m 3 in m 3 percentage 
2003 686678 452 192 65 
2004 651,136 547,327 84 
2005 .;763 215 623,624 81 
2006 772,325 540,266 70 
2007- 787,305 615,335 78 
Total 3,660 659 2778,744 75.90 

Source : AASBPDA, statistica l abstracts, 2008 

As stated in tab le 4.1, the city waste generation outstrips its collection and 

disposal. Waste generated in 2004 was less than that of 2003. However, it 

was expected that with 2.9 percent population growth per annum (AAFEDB, 

2008), waste amount in 2004 shou ld be higher than 2003. 
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Besides, calcu lation for daily waste generation does not take in to account 

Addis Ababa city visitors, international societies residing in the city and 

investors, which they are believed to generate considerable amount of 

waste. Hence, daily waste generation rate seems understated. 

According to information from AASBPDA (2008), the volume of the city daily 

waste is determined only considering the number of the city population and 

waste generation rate . This approach does not give the real quantity of 

waste, mainly because of two factors . 

First, Addis Ababa, as a prime city and capital of Ethiopia, incorporated all 

ethnic groups, serves as seats of various international organizations and 

embassies and is relatively the major commercial, industrial, education and 

political center of the country (AAFEDB, 2007). 

The city also entertains city viSitors, which include: tourists, traders, interim 

migrants, relative viSitors, students, symposium participants, sport festival 

attendants, bazaar attendants, etc. Their stay depends on the nature of 

their business. Some of them may stay: days, weeks, months or years. For 

instance, Addis Ababa University, Civil Service College, Kotebe Teachers 

College and Private Colleges accommodate a number of students staying for 

about four to six years. 

City visitors' together sum up and constitute a large part of the population 

and generate considerable volume of waste. Hence, can significantly 

increase daily waste generation rate and affect waste co llection, 

transportation and disposal activities. It has also an impact on container to 

population ratio. The volume of waste depends on their stay and type of 

activity. 
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The second point is waste generation rate. City waste generation rate has 

not always been consistent. According to information from the AAHB, 

AAFEDB (2007) and AASBPDA (2008), rate has been decreased year after 

year: from 0.267 to 0.252 in 2003 and to 0.221 in 2004. 

AASBPDA present rate (0.221) was taken from a study conducted by Nur 

Consult in 1994 (cited in Yami, 1999). But during 1994, solid waste was 

handled by AAHB and the applied waste generation rate was 0.267 . 

Beca use the rate recommended by Nur Consult was considered low by 

AAHB. It did not determine the real picture of the city's waste volume. 

However, 10 years later, in 2004, AASBPDA has been applying the rate, 

which was considered low to determine solid waste generation vo lume by 

the then handler. This being the case, both rates applied by AAHB (0.267) 

and AASBPDA (0.221) are by far low as compared to that of most African 

cities of similar status where the solid waste generation rate as estimated 

by Cointreau (1982) is in the range of 0.4 to 0.6 kg per capita per day for 

low income countries. Hence, dail y solid waste generation rate is 

understated by number of city visi tors and waste generation rate. 

4.2.2 Waste Handling Capacity of the City 

Once generated, waste has to be properly hand led. Among others: 

equipment, manpower, finance and information are important for proper 

handling. AASBPDA has 499 containers with 8m3 holding capacity, 1907 

dust bins, 72 vehicles and 2,007 employees. There are also 616 Micro and 

Sma ll Enterprises (MSEs) with a total workforce of 6,614 mainly doing 

waste collection. Of the 72 vehicles, only 39 (54.17 percent) are engaged in 

daily operation. The remaining vehicles because of old age, maintena nce 

difficulties, and negligence of drivers are not in operation (AASBPDA, 2008). 
> 
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Table 4.2 : Distribution of containers and trucks by sub cities 

Size of Number Conta iner Conta iner 
Number of 

Sub city populati of Trucks distribution to people 

kebeles 8m 3 ratio 8m3 employees 
on 

Arada 358,611 10 10 79 4,539 241 

Addis Ketema 431,399 9 10 51 8,459 198 

Lid eta 362,554 9 7 82 4,42 1 204 

Kirkos 406,916 II 9 92 4,423 357 

Yeka 386,001 I 1 5 30 12,867 185 

Bole 352,833 II 8 38 9,285 178 

Akaki Kaliti 239,628 8 4 25 9,585 102 

Nifase Silk Lafto 398, 129 10 6 44 9,048 123 
"~ 

Kolfe Kerano 339,186 (@ (J) 0 3 ) 10,278 ~ 
Gullele 375,631 10 8 25 15 ,025 177 

Total 3,65 0,889 99 72** 499 7,3 16 1,894 If" 
f" 

Source: AAICB, statistical abstract, 2007 and AASBPDA, 2008 
/" 

,. t' /-

Note: * (2,007 minus 1,894) 113 employees are at head office . /J f<.y' 
**45.83 percent (33) of the avai lable vehicles are not functional ~/,{~'}·' <':.' /." 

/ ~ '~7 \,., .... ..-

("" ~ <>~ 
~ ........ ,-

Table 4.2, among other, depicts container to population ratio. The minimum 

ratio is 1: 4,421 and the maximum ratio is 1: 15,025. Average container to 

population ratio is 1:7,316. A kebele has on average 5 conta iners to 36,877 

people. This implies that a container is expected to serve 7,375 people . 

Information on the carrying capacity of all containers and number of trips of 

trucks is also important. Accordingly, carrying capacity of all containers is 

499 containers multiplied by 8m3 = 3,992m3 solid wastes. This implies that 

the city containers daily solid waste carrying capacity (3, 992m3
) is greater 

than the daily generated solid waste (2,423m 3
). Number of trips of vehicles, 

their carrying capacity, and generated waste is presented as follows. 
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Table 4.3: Number of trips of vehicles and their carrying capacity 
Number of transported waste by all the 

Transported vehicles vehicles and collection coverage Carrying Daily 
Vehicle capacity 

waste by a 
average u M 

vehicle in OJ OJ OJ E type 3 c c 2:- >- >- +-' l/l 
in m trip +-' M -;: M -;: III a-

m3 0 -'" -'" E III E III ~ 

Z ~ ~ III 
OJ OJ OJ M 

0 0 0 >- >- c v ;:: ;:: OJ 00 
OJ 00 

container 

(8 m3) 
8 5 40 11 17 680 248,200 28.06 

compactor 

(1.1m3) 
15 3+1.5' 67.5 7 7 472.5 172,462.5 19.50 

Covered 

Side 9 3 27 9 9 243 88,695 10.03 

loader 

compactor 
10 3+ 1.5' 45 6 6 270 98,550 11.14 

(Heno) 

Total 14 179.5 33 39 1545.5 607,907 .5 68 .74 

Source: AASBPDA, statistical abstracts, 2008 

* Daily average trip of a veh icle is 3 trips but has a compaction rate of 1. 5 per trip. 

Compaction ra te is the additional carrying capaci ty of a compactor vehicle. 

The total daily operated vehicle numbers, their carrying capacity and daily 

number of trips made to and from the source and the disposal site is very 

important to know the city's daily and yearly waste transporting and 

disposal capacity. Accord ingly, based on information from AASBPDA, the 

city's yearly so lid waste tra nsportation and disposal coverage is 68.74 

percent. As shown in table 4.3, the city has 39 daily operating vehicles with 

varying waste disposal trips, the maximum per day being 5 trips. 

Tab le 4.4 and 4.5 are interre lated. One refers the other . The intention is to 
... 

show sub cities share of dai ly and yearly generated waste and their 

transportation and disposa l capacity. 
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Table 4.4: sub cities daily operated vehicles and waste disposal ca pacity 

Number and types of vehicles with waste emptying capacity 

Number and type of 
Waste disposa l capacity in m3 

vehicles 

Sub cities 
L. L. 

L. ClJ L. ClJ 2:-ClJ "0 ClJ "0 >-c 0 '" 0 c 0 '" 0 '" -
'" "0 '" -.::: 

'" c .2 c ~ '" c .2 c ~ 
~ ClJ ClJ 0 ~ OJ ClJ - 0 '" c cY ClJ I f- c cY ClJ I '" f- ClJ 

~ >-0 :2 0 :2 0 u If) u If) f-

Arada • 2 1 1 1 5 80 67.5 27 45 219.5 80 117.50 
Addis Ketema ' 

2 1 0 1 4 80 67.5 0 45 192.5 70 262 .50 
Lideta • 1 1 1 1 4 40 67.5 27 45 179.5 65,517.50 
Kirkos 

2 1 1 0 4 80 67.5 27 0 174.5 63 692 .50 
Yeka • 2 0 1 1 4 80 0 27 45 152 55480.00 
Bole 

2 1 1 0 4 80 67.5 27 0 174.5 63,692.50 
Akaki Kaliti j 

1 0 1 1 3 40 0 27 45 112 40880.00 
Nifase Silk Lafto 2 1 1 0 4 80 67 .5 27 0 174.5 63 692.50 
Kolfe Kerano .1 

1 0 1 1 3 40 0 27 45 112 40880.00 
Gullele • 

2 1 1 0 4 80 67.5 27 0 174.5 63 692 .50 
Total 

17 7 9 6 39 680 243 270 472 .5 1 665 .5 607 907 .50 
Source: AASBPDA, statistica l abstract, 2008 

As shown in table 4.4, Arada and Add is Ketema sub cities have relat ively 

better waste tra nsportation and disposal capacity. They do have almost 

simi lar number of vehicles but differ in the ir waste generation rate . Hence, 

their waste disposa l coverage shows li tt le difference as shown in table 4.5 . 

Yeka, Akaki-Ka liti and Ko lfe -Kerano sub-cit ies on the other hand have 

relatively low waste tra nsportation and disposal capacity . 

52 



Table 4 .5 : Sha re of sub cities-generated and transported waste for 2008 

Generated waste Collected waste Percentage 

Size of 
of yea rl y 

Sub city co llection 
population Daily Yearly Da ily Yearly and 

disposa l 

Arada 358,611 238.00 86,868.94 
219.5 80,117.50 92.23 

Addis Ketema 431,399 286.30 104,500.90 
192.5 70,262.50 67.24 - ~ 

Lideta 362,554 240.61 - 87,824.08 
179.5 65,5 17.50 74.60 

Kirkos 406,916 270.06 98,570.21 
174.5 63 ,692.50 64.62 

Yeka 386,001 256. 17 93,503 .82 
152 55,480.00 59.33 ~ 

Bole 352,833 234. 16 85,469.29 
174.5 63,692.50 74.52 

Akaki Kaliti 239,628 159.03 58,046.82 
11 2 40,880.00 70.43 

Nifase Silk Lafto 398,129 264.22 96,441.67 
174.5 63 ,692.50 66.04 

Kolfe Kerano 339, 186 225. 11 82,163.48 
11 2 40,880.00 49.75 "" ----... ----Gullele 375,63 1 249.29 90,991.82 

174.5 63,692.50 70.00 
Total 3,650,889 2,422.96 884,38 1.02 

1,665.5 607,907.50 68.74 
Source : AASBPDA, statistical abstract, 2008. 

4.3 Liquid Waste Management 

As mentioned, the city liqu id waste is ha ndled by AAWSA. Office of AAWSA 

is found at ' Megenagna ' area, about 6kms from the city center . The request 

for interview and discuss ion in v iew of so liciting primary data has been 

forwarded to Ato Ze leke Tefera, Centra l Laboratory Head. The discussion 

and interv iew held on 3 April 2008 main ly covers: source of water supply 

for th e city, AAWSA wate r billing system and liquid waste generation, 

co llection and disposa l practices. The interv iew and discussion made with 

AAWSA is presented under the aforesaid headings as follows. 
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4.3.1 Source of Water Supply for Addis Ababa City 

The sources of water for the city of Addis Ababa are from dams, we lls, 

ground water and springs. As shown in table 4.6, quantity of water from all 

these sources is 242,OOOm3 per day. Of this, 30percent (72,600m3) are 

non- revenue water. Non -reven ue water is the amount of water lost before it 

reaches to the water reading meter. Therefore, the net water production 

actually used for consumption or other purpose is 169,400m3 (242,OOOm3 

minus 72,600m3) . The main causes for the non-revenue water are system 

loss ( li ke breakage of machine, leakage) and administrative loss (like 

counter error, illega l connection, and error in cou nter reading). Water 

consumed by AAWSA and the city Fi re Birgade is also part of non-revenue 

water. On the other hand, the total quantity of water demanded by the city 

is 480,OOOm3 per day. Water sources, net water production or supply, city 

water demand and water shortage is presented in table 4 .6 as follows . 

Table 4.6: Source and amount of water supply 

Daily water Percentage of Distance 

Water Sources production in each source from the 

m3 from the total city center 

Legedadi and Dire dams 165,000 68.18 45km 

Gefersa Dam 24.87,000 10.33 18km 

Akaki Well 42,000 17.36 18km 

Others(ground water and springs) 10,000 4 .1 3 -

Total 242,000 100 -

Non-revenue water : 30percent (72,600) 30 -

Net water production or supply 169,400 70 -

City water demand 480,000 - -

Water shortage (310,600) - -

Source: AAWSA, discussion With central laboratory head , 2008 
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This being the case, water supply coverage of Addis Ababa as compared to 

its demand is 35.29 percent and this comprises 275,053 housing units and 

institutions as customers. This, according to housing census result of 1994, 

accounts for 73.70 percent of the total housing units (374,742) of the city. 

The unsatisfied demand is 64.71 percent. Some part of the population gets 

water from wells, bono systems and water vendors. Water vendors are 

those who sell water for their neighbors and nearby dwellers at a higher 

rate than they are requested by AAWSA. 

4.3.2 AAWSA Water Billing System 

AAWSA classify the housing units in to four blocks based on monthly water 

consumption. Water consumption increases as the block increases from 1 to 

4. Tariff increases as consumption increases. The amount of waste water 

also increases as consumption of water increases. 

Table 4.7: AAWSA monthly billing system 

Monthly 
Blocks Housing units 

consumption in m3 payment per m3 

Block1 Domestic and bono system 0-7 1.75 

Block2 Domestic 8-20 3.15 

Block3 Domestic above 20 3.8 

Block4 Non- domestic - 3.8 

Source: AAWSA, discussion notes, 2008 

As per table 4.7, average monthly payment is Birr 3.15 per m3
. Payment 

< ' 

depends on consumption, the minimum being Birr 1. 75 and the maximum 

Birr 3.80 per m3 per month. The payment system is designed in such a way 

that as consumption increases payment per m3 also increases. Block 3 and 

4 required to pay a higher rate. Block 3 and 4 subsidize block 1 and 2. 
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4.4 Waste Handling Capacity of Private Sectors 

According to information from AASBPDA (2008) and AAWSA (2008), private 

sectors in the city of Addis Ababa engage in handling of solid and liquid 

waste management. There are 616 Micro and Sma ll Enterprises (MSEs) with 

a total workforce of 6,614. MSEs involve in the city waste collection, 

transportation and disposal serv ices. 

MSEs are authorized by AASBPDA to collect wastes of commercial 

institutions (9 percent), industry (5 percent), hotel (3 percent) and hospital 

(1 percent), which is all together 18 percent of the tota l daily generated 

solid waste. MSEs require a service charge rang ing from 20 to 40 Birr per 

month. MSEs also render door-to-door waste collection service to 

households. But owing to lack of recorded data, it is not possible to put how 

much percentage of the household waste is co llected by MSEs. Households 

are requested to pay service charge within the range of 10 to 20 Birr per 

household per month. However, majority of the MSEs operate in the middle 

and high income areas (AASBPDA, 2008). 

According to information from AASBPDA (2008), MSEs mainly render waste 

collection services. They collect solid wastes from the source and dispose it 

to the nearby communal containers. Few of them (Dynamic, SOS Addis, and 

Rose sanitary services) collect, transport, and dispose waste from the 

source to the landfill site, Repi. But, Dynamic, SOS Addis, and Rose sanitary 

services do not render regular waste transport and disposal serv ices ma inly 

because of lack of capacity . Hence, in addition to lack of recorded data it is 

very difficult to know how much percentage of the daily generated waste is 

transported and disposed by MSEs. 
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Private sectors are also participating in the collection, transportation and 

disposal of liquid wastes . According to information from AAWSA (2008), 

there are 18 sucking trucks owned by the private sectors. Out of wh ich only 

10 sucking trucks are in a daily operation . But, due to lack of spare part and 

maintenance difficulty all the 10 trucks do not operate regularly. Of the 

total daily liquid waste collected, transported and disposed by the sucking 

trucks, which is 1000m3, one fourth is collected, transported and disposed 

by the private sectors. For the service they render, private sector requires 

housing units to pat within the range of 300 to 450 depending on the 

distance of the pit latrines or septic tanks from the nearby road. 

To sum up, 18 percent of the city solid waste generated by commercial 

institutions, industry, hotel and hospital is collected by MSEs. On the other 

hand, 25 percent of the daily liquid wastes collected, transported and 

disposed by the sucking trucks are the share of the private sectors. 
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4.5 HOUSEHOLDS RESPONSE REGARDING WASTE MANAGEMENT 

Households, being the generator of waste and customers of waste 

management service, are a good source of information. They have 

experiences about collection, transportation and disposal. The response of 

the sample households is presented as follows. 

4.5.1 Characteristics and Composition of Household Waste 

According to the survey, household waste is composed of: leftover and 

unwanted food; remnants and spoiled vegetables and fruits; ash, dust or 

sand; grass clippings; bones; paper; plastic and rubber; festal; glass, 

bottles and ceram ics and metals. However, the waste produced from each 

household generally varies depending on their living conditions. Component 

T bl 48 M ' C a e alor omponen t f S 0 I H ample hid' W t ouse 0 s as e 
Number of sample Number of sample 

Types of waste households who households who 
generate do not generate 

Kitchen and laundry 200 -

Food items 200 -

Slaughtering 101 99 

Fuel wood (ash) 175 25 

Home utensils 110 90 

Clothing 95 105 

Home sweeping(dust) 175 25 

Vegetables and fruits 103 97 

Ceremonies 98 102 

Source: Household Survey, 2008 
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The major percentages of household waste as shown in table 4.8 is kitchen 

and laundry (100 percent); food items (100 percent); ash (87.5 percent); 

and dust (87.5 percent). Because, most of the sample households prepare 

meals mainly from raw food items (vegetables, fruits, meat, slaughtered 

animals) using firewood, leaves, and cow dung. This conforms to the 

concept discussed in chapter three. As information from CSA indicates, 

26.38percent of the housing units have no kitchen facility and 67.43 

percent have traditional kitchen mainly using firewood, cha rcoal, leaves and 

cow dung. The ash produced from these materials is abundant. 

Most houses with traditional kitchen facility also have mud floor as a result 

generate much dust. Wastes generated from household activities are in a 

bulk quantity and dominant than wastes produced from other sources. As 

per the result of the field survey, most kitchen wastes are recyclable. 

Density is the other characteristic. Household waste is denser as it 

constitutes food particles, vegetable items, ash and dust. Moisture content 

also increases the waste density. These characteristics of wastes help to 

select the right type of vehicle for transport and disposal. 

4.5.2 Households Waste Storage Devices 

Households responded differently with regard to waste storage devices . The 

size, volume and variety of waste storage materia ls vary from household to 

household. A household do not always use same personal container to 

accumulate and dispose waste. The result has shown (table 4 .9) that all the 

sample households use devices to collect waste in their houses. 
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Table 4.9: Household's Waste Storage Materials 

Type of waste collecting material Number of responses Percentage 

Bucket (solid and liquid waste) 60 30 

Sacks 105 52.5 

'Festal' 25 12.5 

Other materials 10 5 

Total 200 100 

Source: Household Survey, 2008 

Of the sample respondents 60 (30 percent) use buckets; 105 (52.5 percent) 

use sacks; 25 (12.5 percent) use 'festal ' and 10 (5 percent) use other 

types. These devices serve to collect and transport waste from the house to 

communal containers. 

4.5.3 Household's vis-a-vis Site of Communal Containers and 

Disposal Agents 

Households accumulate daily generated waste and dispose in the nearby 

communal containers. But, the frequency of waste disposal varies from 

household to household. The volume of generated waste and the distance of 

communal containers determine the frequency of household waste disposal. 

Table 4 .10: Household's Waste Disposal Frequency to Communal containers 

Frequency of Number of Average wa lking Percentage 

waste disposal respondents distance of containers of responses 

Everyday 22 50-200 meters 20 

Every 3 days 33 201-600 meters 30 

Once in a week 45 601-1000 meters 41 

Once in two weeks 9 1001-1500 meters 9 

Total 109 - 100 

Source: Household Survey, 2008 
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Of the sample households, 20 percent (22) dispose their waste daily, 30 

percent (33) once in 3 days, 41 percent (45) once in a week and 9 percent 

(9) once in two weeks. These household get containers within the rang e of 

50-200 meters, 201-600 meters, 601-1000 meters and 1001-1500 meters 

respectively. Sons and daughters of those households who are far from 

communal containers sometimes complain to carry and dispose wastes. The 

minimum distance to get communal container is 50 meter and the 

maximum is 1 and V2 kms. 

Sufficiency of containers is another factor that can facilitate waste collection 

system in the proper manner. Table 4.11 presents the response of sample 

households regarding sufficiency of containers. 

Table 4.11: Sufficiency of Communal Containers 

Number of Percentage of 
Responses supporting that 

respondents respondents 

Containers are sufficient 40 20 

Containers are not sufficient 160 80 

Total 200 100 

Source: Household Survey, 2008 

Of the respondents, 20 percent (40) support that containers are sufficient 

while 80 percent (160) of the respondents did not support the sufficiency of 

communal containers. As clearly presented in table 4.2, the average 

container to population ratio is 1:7,316. One container is supposed to serve 

for about 7,316 people or households on average. 

Households' response regarding agents of waste disposal is presented in 

table 4 .12 . 
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Table 4.12: Household's Waste Disposal service 

Number of Percentage of 
Service provider 

respondents respondents 

Women 140 70 

Children 28 14 

Non-family members 32 16 

Total 200 100 

Source: Household Survey, 2008 

As shown in table 4.12, 70 percent (140) of households waste is disposed 

by women; 14 percent (28) is disposed by their children; and 16 percent 

(32) of the households dispose waste either by cash or in kind payment. 

Children that used to bring waste to containers, since they are unable to 

reach the conta iner, they simply dispose the waste near the containers. 

The responses of sample households to their waste disposal practice are 

presented in table 4.13 as follows. 

Table 4.13: Disposal Site of Household Waste 

Number of Percentage of 
Disposal Site 

responses responses 

Communal containers 109 54.5 

Near to road sides 14 7 

Open fields 35 17.5 

Open ditch 15 7.5 

Near by river course 17 8.5 

Rivers 10 5 

Total 200 100 

Source : Household Survey, 2008 
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Table 4 .13 shows that; 54.5 percent (109) use comm unal containers, 

7percent (14) use road side, 17.5 percent (35) use open fi elds, 7.5 percent 

(15) use open ditch, 8.5 percent (17) use near by river course, and 5 

percent (10) use rivers to dispose their waste. Those who do not use 

communa l containers are 45.5 percent of the sample households. This 

shows that almost half of the sample households dispose their waste 

illegally in any available places. Major reasons are the delay in emptying 

frequ ency; distant location and shortage of communa l conta iners. 

Table 4.14: Communal contai ner users and non-users of each kebele 

Sample Container users Non-container users 
Sub-city 

kebele number percentage Number Percentage 

Arada 09 14 12.84 6 6.59 

Addis Ketema 15 16 14.68 4 4.40 

Lideta 01 9 8.26 11 12.09 

Kirkos 18 11 10.09 9 9.89 

Yeka 19 8 7.34 12 13. 19 

Bole 03 12 11.01 8 8.79 

Aka ki Kaliti 03 7 6.42 13 14.29 

Nifase Silk Lafto 12 8 7.34 12 13.19 

Kolfe Kerano 01 9 8.26 11 12.08 

Gullele 04 15 13.76 5 5.49 

Total 109 100 91 100 

Source : Household Survey, 2008 

As observed from table 4 .14, of the sample households, the highest 

communal conta iner users are found in sample kebeles of Arada, Addi s 

Ketema , Gullele and Bole sub cit ies . 
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To sum up, wastes are generated from different sources: households, 

commercial institutions, street sweeping, industry, hotel and hospital. 

Besides, field observation was conducted to know the sources and the 

current situation of waste management in the city. Hence, major sources of 

waste from the researcher observation are: 

• Pedestrians dropping all sorts of waste wh ile walking. They do not hold 

wastes either in their bags or pockets. 

• Street vendors: food items, cigarettes, vegetables, fruits, soft papers, 

chewing gums, etc. 

• Construction, demolition, renovation and installation activities of 

government, private, NGOs and individuals. 

• Passengers and drivers in any transport throw waste via windows: used 

soft papers, cover and remnants of vegetables, bus t ickets, etc 

• Falling or flying of waste from containers and dust bins by the action of 

wind or dogs, wild or domestic anima ls while looking for food 

• Waste is transported without cover. Wind and scavengers spread the 

waste all the way to the disposal site. 

• Mass ce lebrations, festivals, sporting activities, bazaars, market places, 

etc produce waste in abundant and make the area untidy. 

4.5.4 Waste Reduction at the Households Level 

Sample households involve in se lling, exchang ing and repairing of used 

items. They have relations with informal recyclers: Quralyo, Liwatch and 

Tegag ne. Both households and in forma l recyclers benefit each other. One is 

the customer of the other. Households and informal recyclers are playing 

vital role in reducing solid waste from the source .. 
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Households earn income from selling and get new item by exchanging. 

Informal recyclers also get income by se lling to other recyclers. Table 4.15 

shows waste handling mechanisms of households and informal recyclers. 

Table 4.15: Household items used for sale, exchange and repair 

Items Number of Percentage of items that are common ly 

households Sold to Exchange Repaired by 

Qura lyo with Liwatch Tegagne 

Bottl es and glasses 18 

Cans 10 

Corrugated iron sheet 2 

Total 30 15 % 

Cloth 80 

Shoes 50 

Total 130 65 % 

Metallic Materia ls 25 

Nonmeta llic mate rials 10 

Umbrella 15 

Total " 50 25 % 

Source: Household survey, 2008 

Note: Each percentage is computed against the total households, which is 200. 

As shown in ta ble 4 .15; 15, 65 and 25 percents of the households are 

customers of Quralyo, Liwatch and Tegagne respectively. Of the three, 

Liwatch have more customers. A household can at a time be customer of 

Qural yo , Liwatch and Tegagne. These informal recyclers collect and take the 

used items to the market, mostly to 'Minalesh Tera', to sa le for other 

recyclers. Minalesh Tera is a place found at the heart of Merkato, a largest 

open market in Africa. The recyclers at Merkato either recycle the items or 

sa le to fa ctori es . 
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A. Quralyo 

'Quralyo-,I;'::· t'\.O' walk in villages near to all the housing units. They repeat 

the word Quralyo again and again. They use the word to mean any used 

materials available for sa le. Member of a household gets out of home and 

inform the Quralyo that there are used items for sale. If they agree, 

Quralyo purchases t he used material. It is from the sound Quralyo that their 

name is derived. Quralyo mostly prefer cans, corrugated iron sheet, used 

metals, glass and bottles. Every resalable waste which has even the lowest 

resale value in the market has been bought by them. They co llect most of 

the recyclable waste from the households and sell it to 'Merkato'. 

B. Liwach 

The name 'Liwach-A'Po' represents those informal recyclers engaged in 

co llecting recyclable materials in exchange with new materials. Liwatchs 

give new household utensils (p lastic, glass, coffee and tea cups, etc) in 

exchange to recyclable materials . Liwach commonly collect old wears and 

shoes. Liwachs take these recyclable materials mostly to Merkato and 

Ko lfie. These materials get repaired and avail for sa le in the form of second 

hand . 

C.Tegagne 

Tegagne represents repairers. Repa irers walk around the housing units by 

repeating the sound 'yem itegen eqa ya lew-O"'l.o71 7,:1' ot'\(JJ·'. Tegagnes 

therefore repair utensils of those households who are waiti ng their service. 
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To sum up, informal recyclers play an important role in reducing solid waste 

items at the source which otherwise could be disposed . The items collected 

by the informa l recyclers, table 4.15, are non-biodegradable and can not be 

used for compost. The proportion of non-biodegradable items of the city is 

low, 15 percent (AASBPDA, 2008). Repairing and exchanging also helps to 

reduce disposable waste and prevents entrance of additional items to the 

household. The judgment made from the questionnaire survey and field 
~ -

observation shows that there is a positive contribution of the recyclable 

waste buying businessmen. 

4.5.5 Waste Prevention 

The generation of waste in the households can also be reduced by 

preventing some materials which later could be otherwise a waste. Different 

types of ceremonies are prepared by the households among which coffee 

ceremony is the most common one. 

Table 4.16: Households Preparing Coffee Ceremonies 

Number of Percentage of 
Households 

respondents respondents 

Prepare coffee ceremony 170 85 

Do not prepare coffee ceremony 30 15 

Total 200 100 

Source: Household Survey, 2008 

Of all the households, 85 percent (170) have a coffee ceremony in their 

homes at three days interval. Most households use green grass for the 

ceremony. Table 4.17 presents number of households using green grass for 

coffee ceremony. 
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Table 4.17: Households Using Green Grass for Coffee Ceremonies 

Number of Percentage of 
Households 

respondents respondents 

Using grass 98 49 

Do not use grass 102 51 

Total 200 100 

Source: Household Survey, 2008 

Of the respondents, 49 percent (98) of the households use grass for coffee 

ceremony and 51 percent (102) do not use grass for coffee ceremony. The 

grass turns to waste . It could be prevented either by abandon ing or 

replacing by other durable grass like materials such as plastic. However, all 

the households in the sample survey use green grass for holidays. 

Sample households slaughter animals (ox, cow, sheep, got, hen) at home. 

From the sample hoseholds, 49.5 percent (99) do not slaughter animals and 

50.5 percent (101) mentioned that they practice animal slaughtering at 

home, common ly during holidays. On average they slaughter four times per 

annum. 

Table 4.18: Households who Slaughter Animals at Home 

Number of Percentage of 
Households who 

respondents respondents 

Slaughter animals 101 50.5 

Do not slaughter animals 99 49.5 

Total 200 100 

Source: Household Survey, 2008 
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Table 4.19, computed based on table 4.18 and household survey of 2008, 

shows number of slaughtered animals per annum. 

Table 4.19: Number of Animals Slaughtered per Annum by the Households 

Number of Percentage of 
Number of slaughtered animals 

respondents respondents 

1 - 5 96 95.05 

6 - 10 5 4.95 

Total 101 100 

Source: Computed from table 4.13 and household Survey, 2008 

Animal slaughtering generate wastes like unwanted flesh, blood and 

undigested materials. 

Table 4.20: Ways of disposing animal slaughtering waste 

Means of waste disposing Number of households Percentage 

Communal Containers 25 24.75 

Micro Enterprises 10 9.9 

Septic tanks 12 11.9 

Open space 24 23.76 

Open ditches 17 16.83 

Streams 13 12 .86 

Total 101 100 

Source: Household Survey, 2008 

As shown in table 4.20, only one fourth of the households who slaughter 

animals at home dispose the waste in the communal conta iner . Informal 

waste disposal of animal slaughtering waste in open space, open ditch and 

streams accounts for 53.46 percent (54) of the total respondents. 
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~-.--------
CHAPTER FIVE 

5. DATA ANALYSIS AND DISCUSSION 

5.1 Solid Waste Collection, Transportation and Disposal 

5.1.1 Status of Solid Waste Collection Service 

Sample households (table 4.11) and interv iewed offi cials and experts 

ind icated that the existing conta iners in city do not match with the 

increasing population (table 3.2) and the volume of generated so lid waste 

(chapter 4, sub heading 4.2 .1.3). Containers to population rati o are not 

proportional. Container to population ratio is 1: 7,316 (table 4.2) . This ratio 

does not include number of city v isitors, international commu nity res iding in 

the city and investors (chapter 4, sub heading 4.2.1.3). A conta iner is 

supposed to serve 7,316 people. A kebele with an average population of 

36,878 (3,650,889-;.-99kebeles) is served by 5 containers 

(499conta iners-;..99kebeles). If all the popu la tion uses containers for waste 

collection, a single container will be shared by 7,316 people. This figure is 

2.8 times higher than recommend by NUPI (a container for 2,000 people) 

as cited in Yami (1999). This implies that waste collection service does not 

reach the entire population. Hence, residents are required to tra ve l more to 

dispose waste (tabl e 4.10) . From the sample households, 50 percent tra vel 

from 601 meters to 1 and 112 kms to get the nearby container. The 

settlement pattern of Addis Ababa is also a spreading out; consisting of 

predominantl y v illa houses. People need to travel long distance to get and 

use containers: minimum 50meter and maximum 1 and 112 kms. 
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Local and international standards set to control the location of containers 

show that distance between containers should not exceed 200 meters 

(UNHCS, cited in Yami, 1999) . This requires 200 containers per square km. 

However, this is not true for Addis Ababa where residents are obliged to 

travel more than 200 meters (table 4.10) and containers are not sufficient 

(table 4.2 and 4.11). Yami also pOinted out the shortage of containers . For 

instance, in 1998, NUPI (cited in Yami, 1999) recommended a total of 616 

containers. But, today after 10 years, with a considerable increase in 

population and volume of waste, the number of containers is still 499. 

Besides, the selection of sites for placement of collection containers is not 

appropriate, hence does not facilitate collection . Containers are usually 

placed along main roads for ease of access. Population size is not given due 

consideration. However, lack of free space and unwillingness of inhabitants 

are some of the problems to place a container. 

5.1.2 Solid Waste Transportation 

Transportation of waste is directly from transferring stations . Waste 

containers are lifted hydraulically and mounted on back of the collection 

truck. Volumes of waste that can be transported each day depend upon:-

• The limited number of vehicles and their working condition; 

• The road conditions for access (e.g. paved, unpaved, steep, narrow); 

• The traffic conditions (example : slow, congested or rapid and clear); 

• The high volume of waste produced per day; 

• The settlement pattern. 



5.1.2.1 Solid Waste Transportation Coverage 

Information from AAHB and AASBPDA revea ls that waste collection 

coverage has increased from 38 percent in 1993 to 40 percent in 1994, 

53.9 percent in 1996, and 65 percent in 2002. After 5 years (in 2007) 

co llection reached 78 percent. On the other hand, the amount of generated 

waste increased by 12.78 percent and the working capacity of vehicles 

decreased during 2003 to 2007. Owing to this, the current working capacity 

of vehicles is 54.17 percent (chapter 4, sub-heading 4.2.2). 

Table 5.1: Distance of Sample Kebe les from the Landfill Site 

Sample Location of Distance of 
Sub city 

kebele sample kebeles sample kebeles 

Arada 09 Mosvold 14kl1l 

Addis Ketema IS Bus station 10km 

Lideta 01 Tolosa 8km 

Kirkos 18 Kasanchs 17km 

Yeka 19 Kotebe 23km 

Bole 03 Lasta 20km 

Akaki Kaliti 03 Garaduba ISkm 

Nifase Silk Lalto 12 Nifassilk 10km 

Kolfe Kerano 01 Kol fe 8km 
~ - --

Gullele 04 Si lassie 18km 

Total 14Skm ** 
Average 14.Skm 

Source : AASBPDA, 2008 and city taxI dnvers. 

* Distance from the city center to landfill site is 13kms (AASBPDA, 2008). 

**Kilometers are obtained from discussion with taxi drivers . 

* **Distance of sample kebeles from the land fill site is obtained 13km minus 
or plus distance of sample kebeles from th e city center. 
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Taking the city center (Mini lik II square) as a point of reference :-

a. Three sample kebe les are located between the city center and the landfill 

site: (15) Addis Ketema, (01) Lideta and (01) Kolfe Kerano. The distance 

from the city center to the kebe les location is estimated and deducted from 

13km, dista nce from the city center to Repi. 

b. Five sa mple kebe les are located between the ci ty center and the landfil l 

site : (09) Arada, (18) Kirkos, (19) Yeka, (03) Bole and (04) Gu llele. The 

distance from city center to kebe les is estimated and added to 13km. 

c. (03) Akaki Kaliti is located 17km from the city center. Its location is, 

however, nearer to the landfill site than the city center, which is 15km . 

d. (12) Nifase Silk Lafto is located 5km from the city cente r on the way to 

Akaki Kaliti. But its distance to landfill site is greater than the distance to 

the city center, wh ich is 10km. 

To sum up, all the sample kebeles do not found at equal distance to the 

landfill site. Accordingly, refuse carrying vehicle trip to and from the landfill 

and the source also va ry . It seems that those sample kebe les located near 

to the landfill site w ill have more trip per veh icle per day and kebeles fou nd 

at longer distance will have fewer trips per vehicle per day . However, taking 

in to account intervening va riabl es like quantity of waste, vehicle cond ition, 

employee efficiency, etc, it is better to consider the average distance, 

14.5km as a point of reference to dea l with transportation, disposal, et c. 

Of the total veh icles, on ly 39 or 54.17 percent are operational. The 

remaining vehicles; because of old age, maintenance difficulties, neg ligence 

of drivers and freq uent accidents; are not in operation . The average age of 

the vehicles is also more than 11 yea rs. 
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Majority of the vehicles, that is 26 of the 39 (table 5.2), carry a sing le 

container (8m 3 or 9m 3
) at a time. Hence, most trips are made to and from 

the source and disposal site only for single container. Working time is 8 

hours per day (6:00PM to 2: PM) and 7 days in a week. However, normal 

start up of operation on average is 1:00AM. Reason is unpunctuality. It is a 

norm that almost all vehicles start operation one hour behind schedule. 

Given the slow and congested traffic condition, round trip travel distance, 

low speed of the vehicle-because of old age, efficiency of employees and 

time for loading unloading; a vehicle on average needs 2 hours to cover a 

round trip, which is 29kms (table 5.1) to dispose waste at Repi. 

Hence, waste collection trucks can not make many round trips per day 

between the sources and the disposal site. Besides, drivers and assistants 

took half hour rest for tea from 4:00 to 4:30AM and one hour for lunch from 

6:00AM to 1 :00PM . 

As a result, a total of 2 and liz hours are not making use of mainly because 

of lateness, tea break and lunch hour. Net working hours is 5 and V2 hours 

(8 hours minus 2 and liz hours) . Net working hour and the time spent per 

single trip is important to know the daily total trips of a vehicle. This further 

helps to know the actual capacity of the city solid waste collection and 

transportation coverage. In line with this, a vehicle on average can make 

2.75 trips (5 and liz + 2 hours per trip) per day. Let us approximate and 

make 3 trips per day. 

The vehicles can transport l,393.50m3 of waste per day (table 5.2). The 

daily transported and disposed waste is 57.51 percent . Hence, AASBPDA 

assumption of waste emptying frequency of 5 trips per vehicle per day and 

daily collection and disposal capacity of l,721.30m3 (chapter 4, sub heading 

4.2.1.3) or 71.04 percent is not acceptable. 
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) 7 15 3+1.5** 472.5 172,463 

side loader 9 9 3 243 88,695 

compactor-Heno 6 10 3+1.5** 270 98,550 

------Total l2V 42 15 1,393 .5 508,628 

Source: AASBPDA, statistical abstracts, 2008 

* 884,395m3 is yea rl y-generated waste (2,423m 3 multiplied by 365days). 

** A vehicle has a compaction rate of 1.5 per trip. 
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Tab le 5.3 : sub cit ies daily operated ve hicl es and waste disposa l capacity 

Number Yearly Yearly Percentage of 

Sub city population of generated collected yea rly waste 

veh icles waste in m3 waste in m3 disposa l 

Arada 358,611 
5 

86,868.94 
68,437.50 78 .78 

Addis Ketema 431 ,399 
4 

104,500.90 
58,582.50 56.06 

Lideta 362,554 
4 

87,824.08 
59,677.50 67 .95 

Kirkos 406,916 
4 

98,570.2 1 
52,012.50 52.77 

Yeka 386,00 1 
4 

93,503.82 
43,800.00 46.84 

Bole 352,833 
4 

85,469.29 
52,012.50 60.86 

Akaki Kaliti 239,628 
3 

58,046.82 
35,040.00 60.37 

Nifase Si lk Lafto 398,129 
4 

96,44 1.67 
52,012.50 53 .93 

Kol fe Kerano 339, 186 ( 3/ 82,163.48 
18,615.00 22.66 

Gullele 375,63 1 
4 

90,99 1.82 
68,437.50 75.2 1 

Total 3,650,889 884,38 1.02 
508,627.50 57.51 39 

Source: Tabl e 4.3 and table 5.1 and 5.2. 
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Arada and Gullele sub cities have better waste transportation and disposal 

capacity. Their waste co llection and disposa l performance 'is equal but 

Gullele has more waste than Arada due to its high population . Hence, their 

waste disposal coverage shows little difference. Kolfe-Keran o is the least 

performer; its disposa l is less than one fourth of the generated waste . 

5.1.2.2 The uncollected part of the solid waste 

The unattended part of the so lid waste is 42.49 percent or 1,029.5m3 per 

day (2,423m3 minus 1,393.5m3 ). This figure is close to half of the da ily 

generated waste . This much waste is dumped illega lly in any open places, 

drainage systems and streams. From the sample households, 91 of them 

dispose their household waste illegally (Table 4 .13 and 4.14). This in turn 

could cause hea lth problems and environmental pollution. The concerned 

bodies seem to be faili ng to take preventive measures. Therefore, option 

has to be designed to col lect the uncollected part of the waste . 

One of the options to co llect the unattended part of the cu rrent so lid waste 

is to purchase additional vehicles and al locate more containers. Let us 

assume to pu rchase new container vehicles of compatible type and 8m 3 

capacity . Given the growing traffic congestion, traveling distance, and t ime 

for loading unloading; the new vehicle on average is expected to cover a 

round trip within 1 and '/2 hours. Hence, based on net working hours of 5 

and '/2, a new vehicle on average could make 3.67 trips (5 and '/2 + 1 and '/2 

hours per trip) per day. Let us approximate and make 4 trips per day. 

Hence, with a capacity of 8m 3 and 4 trips per day, a new vehicle can collect 

32m 3 (4trips mu ltipl ied by 8m3 per single trip) per day. This gives a base to 

calculate the number of vehicles req ui red to dispose the whole unco llected 

waste . 
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Accordingly, the number of veh icles needed to co llect the current daily­

unattended solid waste is 32 (1,029.5m 3 + by 32m 3
). These cou ld help the 

AASBPDA to raise its disposal capacity from 57.51 to 100 percent. However, 

these vehicles require running cost, driver and assistants and initial 

purchase capital. The major issue is in fact the purchase cost. It requires 

huge amount of capital; Birr 16,000,000 (32 vehicles multiplied by 

500,OOOBirr) to purchase. 

5.1.2.3 Cost of Solid Waste Transportation 

Solid waste collection, transportation and disposal are tiresome, time 

consuming and requires huge amount of money to handle. As mentioned 

repeatedly, majority of the vehicles carry a single container. Most trips are 

made to and from collection site and the source only for a single container. 

This entails huge finance for fuel, manpower and overhead costs, which are 

not proportional to transport a single container for disposal in round trip of 

about 29kms (table 5.1) from the source . Hence, solid waste transportation 

and disposal practice seems inefficient and uneconomical. 

As per an informal discussion with container vehicle driver, the available 

vehicles because of old age consume one liter diesel in each 2 and 1hkms. 

The price of one liter diesel is 6.90Birr. To dispose waste of a single 

container a vehicle on average covers 29.4kms. Hence, the cost of diesel is 

80.04 Birr (29kms+2.5kms multiplied by 6.90Birr). A vehicle per day 

requires Birr 240.12 (Birr 80.04 multiplied by 3 trips per day). The 39 

vehicles require Birr 9,364.68 (39 vehicles multiplied by Birr 240.12) and 

Birr 3,418,108.20 (Birr 9,364.68 multiplied by 365 days) per day and per 

year respectively. This cost coupled with other costs (like oil, grease, tyre, 

etc) and employees salary escalate the total sum. 
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Waste handling service is not free. But, only those housing units who are a 

customer of AAWSA are required to pay 5 percent of their monthly water 

consumption. AAWSA collects the amount on behalf of AASBPDA. The 

collected fee as explained by AASBPDA is not enough to cover cost of 

collecting, transporting and disposal of solid waste. 

5.1.3 Solid Waste Disposal 

Interview and discussion with the landfill expert at office and in the landfill 

site coupled with personal observation is summarized as follows. The final 

stage in solid waste management is disposal. Wastes from different sources 

(though not totally) are collected, transported and disposed. 

The city landfill is the type of open dumps. In conformity with Johannessen 

(1999) view, the refuse is simply dumped in low lying areas on open land 

and tipped haphazardly. The site is found in Kolfe keraneo sub city and 

supervised by AASBPDA. It is located along the Ayer Tena - Kality section 

of the ring road . Its purpose is to dump all types of solid wastes . Its 

location is in the South-West direction at a distance of 13 km from the heart 

of the city. The landfill, 43, has been giving service since 1965. It is known 

by the name Repi or 'Koshe'. Its total area is 20.8 hectors. Site selection 

was not considering the engineering aspect, slope and soil type. 

The landfill has no: buffer zone, leachate treatment, fence, office, toilet, 

shower, and electricity and telephone services . On average the site is 

visited 117 times per day (table 4.20) by trucks to unload wastes. Wastes 

are emptied haphazardly and without segregation. The total daily unload 

solid waste on average is 1,393.5m3 . The amount of solid waste dumped to 

date is 11.6 million m 3
. 
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Three dozers and a compactor are assigned to spread and compact the 

daily dumped waste. The main reason is to reduce the amount of waste and 

to get free space for ease movement of waste unloading trucks. The landfill 

is getting full. It has reached a level where it can no longer be used for 

waste disposal. It is partly surrounded by residents and institutions. The 

waste is not provided topsoil cover, which prevents nuisance . Other 

techniques like decomposition, incineration and recycling are not used. 

As stated in the literature, an aerobic decomposition of organic so lid waste 

produces what is termed as landfi ll gas which constitutes of methane and 

carbon dioxide and sometimes toxic gases. This is true of Repi, where the 

gases generated from the landfill sets the waste on fire. Besides, the 

scavengers, to segregate recyclable materials, purposely set fire . On the 

process toxic liquid substance is produced, which wil l pose a risk to human 

health and contaminate surrounding area and water bodies. 

Though not supported by detail studies, according to the landfill expert, the 

gas produced could be methane. It has fire or explosive nature and the 

liquid part is Licheate which escapes from the landfill due to failure of the 

piping system. The amount increases following heavy rain. 

AASBPDA has been attempting to completely abandon Repi and to build a 

san itary landfill. To this effect, AASBPDA had pondered four sites for 

comparison so as to select the best that fulfills both technical and 

administrative requirements of a sanitary landfill. Accordingly, a place called 

Arabsa located at Bole area with an area of 76 hectare was chosen. At 

present they are wa iting the opinions of the AACG Environment and 

Protection Agency. The French Government show green ligh t to cover some 

part of the project cost. 
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It must be noted that the city so lid waste management encompasses 

co llection, transportation and disposal of wastes. Considerable amount of 

the solid waste generated remain uncollected . The uncollected waste is 

mostly thrown on streets, open places, drainage systems and streams. This 

enda ng ers the health and well being of residents. Furthermore, the present 

solid waste management practice used by AASBPDA involves no recycling or 

resource recovery. There is no effort towards the systematic recycling of 

waste, except by the Quralyo, Liwatch and Tegagne. Scavengers also 

involve in the recycling process . However, they spread the waste around 

commu nal containers and increasing the health risks and environmental 

hazards. 

5.2 Liquid Waste Generation, Collection and Disposal 

5.2.1 Liquid Waste Generation Rate 

Water is one of the basic resources and among others used for drinking, 

cooking, cleanses clothes and kitchen utensils, for shower and toilet 

flushing . Some part of this water content remains in our body, food items, 

etc while a large percentage is converted in to waste in the form of urine, 

waste water, etc. As mentioned, total net daily water production is 

169,400m3 . The amount of daily waste water according to Head of Central 

Laboratory is '80 percent of the daily net water production '. Hence, the city 

waste water is 169,400m3 multiplied by 80 percent=135,520m3 per day. 

Had the city water demand (480,OOOm3) been satisfied, the daily generated 

liquid waste amount would have been raised to 384,OOOm3 (480,OOOm3 

multiplied by 80 percent). 
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5.2.2 Liquid Waste Collection 

AAWSA uses two ways to collect liquid waste: sewerage line and sucking 

truck. The city sewer line daily collects 7,500m3 liquid waste. This accounts 

for 5.53 percent of the daily generated waste water. 

The proportion of housing units connected to a 'modern' sewerage system is 

very minimal. According to AAWSA, only 2,818 housing units have access to 

the city sewer system. This accounts for 0.75 percent of the total housing 

units. The system was originally designed to serve for 200,000 residents or 

38,462 houses, of which only 2,818 housing units are currently connected 

to the system. If all 38,462 houses are connected, the sewerage system will 

have a capacity to connect 10.26 percent of the housing units. 

The other means of collecting the city liquid waste is using sucking trucks of 

different holding capacity. The collection amount using the sucking trucks 

on average is 1000m3 per day, which is 0.74 percent of the total daily 

generated liquid waste. The trucks are 99 in number. Of which 34 belongs 

to Federal Police, Ministry of Defense, Education, Abattoirs Enterprise, NGOs 

and the private sectors. The remaining 65 trucks belong to AAWSA, but due 

to old age and maintenance difficulty, only 45 of them are operational. 

AAWSA has four liquid waste transfer stations: kechene, Abakoran and 

around the palace areas. The 3m3 and 7.5m3 holding capacity trucks are 

mainly deployed to suck liquid waste from housing units and to empty at 

one of the transfer stations. Trucks with holding capacity of 14m3 and 16m3 

are mainly assigned to transport liquid wastes from the transfer stations to 

either one of the disposal sites in the city: Kotebe or Akakai. The total daily 

collected liquid waste is very minimal. It is about 6.27 percent. 
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Cost of Liquid Waste Collection: The available suction trucks collect 

and dispose the contents of the pit latrines or septic tanks of the housing 

units per request. Service payment system correlates with monthly water 

consumption amount (table 4.4). Block one pays fixed tariff, Birr 69. The 

other blocks treated differently. They pay the initial Birr 69 plus Birr 387 

(456-69) on monthly basis with a charge of 0.55 cents per m3. This is just 

to cover the total running cost of a sucking truck, which is Birr 456. There is 

appl ication of subsidy li ke in the case of monthly water billing system. The 

other blocks subsidize block one. 

5.2.2.1 The Uncollected Part of the Liquid Waste 

The uncollected part of the liqu id waste, which accounts for 93.73 percent 

of the total waste, has not provided some sort of collection and disposal. It 

is left uncollected. This part of the liquid waste either enters the dry pits 

and septic tanks or simply finds its way to the city's open ditches and 

streams. City residents practice the following as a means of disposal. 

A. Direct Defecation 

Nearly a quarter of the housing units in Addis Ababa city have no toilet 

facilities (CSA, 1994). Hence, do not have access to sanitary facilities in 

their home. There are also a number of people who are homeless: street 

children and others. Both the former and the later don't have option other 

than defecating in any open spaces and river basins. Differently, however, 

the later mostly found and execrate their waste, wash their face and foot 

and rarely prepare their food in places where most of the people are 

gathering for social, economical, rel igious and other activities. 
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The researcher field observation and interview with street ch ildren and 

beggars in the street , ta xi terminals and market places of Kazanches, Arat 

killo, Piazza , Arada Giorgis, Atiklet Tera, and Merkato areas confirmed that 

they have no option than defecting in any available places. Most of them 

know the availability of public toilets but do not use due to lack of money. 

The other problem is that public toilets are not even ly distributed and most 

of them are not accessible by t he popu lation who need them. For instance, 

the public toilet at piazza in front of Abysinia Bank is not accessible to a 

person at Arat Kilo. Thus as observed, any available vacant places are 

common defecation sites. 

As a consequence, available open places and streams are serv ing as open 

defecating sites and the city streams receive all wastes washed by rain or 

run off through out their course in the city. The river bas in , particularly in 

the dry season, is widely used for defecation and its surface is smeared with 

human excreta. Th e bad smell out of it is also disgust to visitors . In some 

places getting a free space to wa lk nearby the river basin is quit difficult. 

This is because of accrual of human excreta. The sit uation of human excreta 

in the river basin represents an unhyg ienic and aesthetic loss to the city. 

This coupled wi th the abundant disposa l of sol id wastes make the streams 

to serve as an open sewer and open landfill site to the city . 

B. Direct Connections to the Rivers and Drainage Systems 

Only 2,81 8 from 374,742 housing un its have access to city sewer system. 

The remaining, 371,924 housing units, have no sewer line connection. The 

sucking trucks are not enough to cover these housing units . Hence, 

resid ents of t he city have no means to dispose the liquid waste. Instead 
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residents connect housing units either to the river system, if they are near, 

or to the drainage systems to dispose the sewage and other liquid waste . 

Besides, it is common for septic tanks or pit latrines to overflow in poor 

residential areas that have no or limited access roads for sucking trucks. 

The problem is worse in those septic tanks that fill up quite frequently in 

areas that are exposed to flood. 

5.2.2.2 Viability of Options to Collect the Uncollected Part of 

the Liquid Waste 

To collect the unattended part of the liquid waste, AAWSA has two options, 

that is, either to construct additional sewerage system to connect all the 

housing units or purchase additional sucking trucks. But, both options are 

difficult to operate. Each requires huge capital. 

Constructing additional sewerage systems entails huge amount of capital. 

Given the city topography, raising cost of construct ion materials and labor, 

the option tends to be impractical. The housing units that are in the inner 

city are not also convenient for sewer line establishment. The topography 

and early unplanned settlement further complicates the work. Furthermore, 

expansion and upgrading activities could also have their own impact. 

The second option is purchasing of additional sucking trucks. It also entails 

huge amount of capital. Let us assume to purchase trucks with a holding 

capacity of 16m3
. The uncollected liquid waste amount is 127,020m3 (135, 

520m3 minus 8,500m 3
). With a net working hour of 5 and '/2 (as stated in 

sub heading 6.1.1.3.1) and the time for loading unloading, a new vehicle on 

average can make two trips per day. Hence, with a capacity of 16m3 and 
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two trips per day a new vehicle can collect 32m3 (2 trips multipl ied by 

16m3
) per day. This gives a base to calculate the number of sucking turks 

required to dispose the whole unco llected liquid waste. Accordingly, the 

number of trucks needed to collect the current daily unattended liquid 

waste is 3,969 (127, 020m3 divided by 32m 3
). These further demands 

running cost and follow up. Parking place could also be another problem. 

The major problem is capital. One truck with 16m3 holding capacity is about 

1,300,000Birr. All trucks require 3,969 multiplied by 1,300,000 = 

5/159/700/000 Birr. This seems insupportable as a viable option . 

To sum up, the viability of the two options seems to be less practical, 

mainly owing to financial problem. 

5.2.2.3 Storm Water Management 

The city road network is 2,443kms: 990 are asphalt roads and the 

remaining gravel. Of the total road network 950kms (38.89 percent) have 

drainage facility (AARA, 2008) . The remaining 61.11 percent of the road 

network have no way to drain the storm water. Rainy season is from June 

to September. Of this rain, only a small part is collected and drained by a 

drainage system. The greater amounts of the rainfall have no way than to 

drain in any ground carrying anything in its way. This may cause flood, 

deterioration of roads and other damages. The roads which the drainage 

system do not function properly also face severe deterioration from run off. 

Hence, some drainage system needs clearing and construction correction 

mainly inlets. 

Besides, roads are cut by different infrastructure providing institutions like 

ETC and AAWSA. Some of the internal roads are not properly accessed. 
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Uncovered ditches are not properly used. Solid waste has been throwing on 

it and serves as draining of wastewater. Open manholes become a good 

place for disposal of solid waste. The drainage channels and inlets are also 

frequently blocked by refuse . As a result, streets are damaged by runoff 

and it is usual for anyone of the several streams that cross the city in a 

north-south direction to swell and cause damage following heavy rains. 

The rainfall in the city is collected by open ditches and street inlets 

connected to a drainage system consisting of underground drainage pipes 

which drain the run-off to the nearby river basin. The pipes are actually in 

bad condition, the street inlets are clogged with garbage and they are partly 

locked by asphalt maintenance works. Hence, during the rainy seasons a 

greater part of the run-off is flowed in to streets, stored into the low-lying 

parts of the run-off basin and blocks the traffic in this area. 

5.2.3 Liquid waste Disposal 

The co llected liquid waste is disposed at either Kotebe or Akakai disposal 

sites. The basements of the disposal sites have been covered and 

compacted with clay soil so as to prevent infiltration that pollutes the 

ground water. The liquid waste is dried in the drying beds with the help of 

sun and air. The dry part of the waste has been accumulating to be used as 

fertilizer. The problem is the existence of hazardous elements within the 

liquid waste: needle, blade, nail, etc. 

Effort has not yet been exerted to separate the hazardous elements. 

Reason is lack of appropriate technology. The accumulated part of the 

waste is subject to rain and sun. Easily washed by rain and spread to the 

surrounding env irons. Hence, become a cause for pollution. 
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CHAPTER SIX 

6. RESEARCH FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

6.1 RESEARCH FINDINGS 

6.1.1 Problems of Addis Ababa City Waste Management 

Different researchers argue that the problems of the city waste 

management dated back to the time of its establishment. During that time 

there was hardly any thought of waste management. Accord ing to 

information from AASBPDA, waste was disposed haphazardly. Settlement 

was not in a planned manner. Haphazard waste disposal and unplanned 

settlement grew up and become a problem until this time. Rural area 

sanitation cu lture, open field system and haphazard waste disposal, come 

together with migrants and create problem in waste collection, 

transportation and disposal. 

The culture of rural sanitation seems to continue mainly due to rural urban 

migration. Population growth, shortage and lack of sanitation facility 

aggravate the problem. Although this has been prevailing since 1886 

(AAFEDB, 2007), it was not a problem until recent times because natures 

own treatment process took care of these problems. 

But, today both populat ion and quantity of waste increases. The natural 

processes are slow and can take care of only a limited amounts and specific 

kinds of wastes because wastes are dumping faster than the assimilation 

capacity of nature. All these are going to cause serious threat to our 

ecosystem (Syed, 2006). 
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The problem has been accumulating and becomes a serious agenda of the 

city. It is common fo r housing units to queue up for serv ice, especially for 

emptying the ir pit latrine and septic tanks. In addition, because of lim ited 

access or no roa ds, septic tanks or pit latrines sometimes overflow in poor 

and congested residentia l areas. The problem is worse in the case of those 

pit latrines or septi c tanks that fill up quite frequently in areas t hat are 

exposed to flood. 

6.1.2 Population and waste 

Population dynamics have significa nt influence on the vo lume of generated 

waste and its proper handling . The population of the city, as clea rl y 

discussed in chapter three, is rap idly increasing mainly because of 

migration. The population of the city has grown from 448,512 in 1961 to 

2,112,737 in 1994 and presently it reached at 3,650,889 (table 3.2). 

It is quite clear that a number of people v isit the city from regional states 

and other countries of t he world on a daily basis. Purpose of the v isit ranges 

and depends on the issue of each vis itor. Some of the visitors stay behind 

after close of business for days, weeks or months. 

The increase in population growth and number of city visitors implies 

increases in waste generation. This is not proportionately accompanied by 

increase in basic sanitation facilities. 

According to Syed (2006), population increase is accompanied by greater 

consumption and rising leve l of waste. This increases volumes of waste and 

its environmenta l impacts. This is the situation in the city of Addis Ababa . 

. ' 
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6.1.3 Spread of Waste around Communal Containers 

There is no trend amongst the residents to throw waste in a sack directly 

into the containers. People have a small waste bag in their houses. They 

bring to empty in the communal containers and take back for storage at 

later times. Because of this, the waste instead of being placed inside the 

containers falls partly outside. The waste spreads around the conta iners. 

This makes the area around the containers dirty. People find it inconvenient 

to get close to the container. They try to throw the waste being away from 

the container. In doing this, the waste spreads than being placed inside the 

container. This increases the waste spread around the container. 

Scavengers often spread the waste in search of resalable material and food 

items. According to an explanation of AASBPDA landfill expert and field 

observation; scavengers are available around communal conta iners in the 

city wide level and in the landfill site. 

Stray animals like cat, dog and other night animals spread the waste in 

search of food. Stray animals are attracted due to the smell of the waste 

which contains vegetables and food waste. 

Dustbins are fixed on poles of ETC and EELPA to serve as a waste collection 

material for the pedestrians. However, waste is often thrown outside due to 

lack of capacity, partial bottom dustbin detachment and public insensitiv ity . 

The preceding situation becomes worse in the rainy season as the spread 

waste mixed with mud and water. Since containers are open at the top, 

waste is directly exposed to rain. The waste spreads out when the container 

becomes full, thus polluting the surrounding area. The water that does not 

have any outlet forms annoying odor and increase the weight. 
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Illegal waste disposal in open drains frequently blocked drainage systems. 

This becomes real problems and the situation worsens in the rainy season . 

The accumulated waste in turn creates ideal breeding conditions for insects 

which can be a cause for any disease outbreak. 

Inappropriateness of the system: As per NUPI recommendation, the 

desired walking distance to waste container sites should not exceed 

200meter from the housing units. This encourages household members to 

bring their waste to the communal containers. A large majority of 

households in the city live away from accessible roads. For such 

households, the walking distance to get a communal container sometimes 

reach 1 to l.Skm. It seems, therefore, unrealistic to expect anyone to carry 

the waste over such a distance. 

The vehicles used for transporting waste in the city come from developed 

countries, where the waste characteristics and infrastructures are different 

from what is found in the city. It is not surprising, therefore, that the 

vehicle does not work efficiently . 

6.1.4 Effects of Waste 

The sight and smell of inadequately managed and uncollected waste 

constitute a major discomfort to residents, visitors and the environment. 

For instance, pollution of water increases the technical difficulty and cost of 

providing pure water. The polluted environment also causes serious health 

impact with high social and economic costs to ameliorate. Flooding ca uses 

damage to public infrastructure and private property. 
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A. Impact on the Environment 

The disposal site (Repi), the communal containers, and uncollected waste 

has no cover at all. The disposal site is not covered by soil. Communal 

containers are open at the top and illegally dumped waste has no cover at 

all. This creates adverse aesthetic impacts on the environment. 

The waste, which contains high amount of plastic bags, ash and dust are 

blown by the wind. This windblown waste makes the area unsafe and 

creates unpleasant conditions in the environment. The wastes make the city 

very untidy and unhygienic. The situation in the disposal site is horrific. This 

is because of the presence of leachate, stinking odor, insects, flies, etc. 

These and other factors make people to avoid the environment. Hence, it 

might create an impact on the val ue of the houses near and around the 

site. 

B. Pollution and Flooding 

Waste in the environment constitute high potential for the spread of 

infections through run offs during rains and contamination of underground 

water. According to AASBPDA landfill expert, serious leachate generations 

occur at Repi especially after heavy rainfall. Leachate, which obviously 

contains pathogens, is a direct risk to human health and a source of 

contamination to groundwater. 

The illegally dumped wastes to open places, green areas, open ditches, 

open manholes and riverbanks clogged water ways which result in heavy 

flooding and loss of property during rainy seasons. Heavy flooding mainly 

occurred due to accumulation of waste in streams and drainage systems. 
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C. Health and Social Effects 

Smooth flow of water is affected by illegal waste dumping in rivers and 

drainage systems. This creates stagnant water, which serve as breeding 

grounds for insects. These insects carry transmittable diseases. 

According to the explanation of the landfi ll expert of AASBPDA, during the 

dry season high temperature coupled with the disposal site condition; 

facilitate decomposition rates and degradation of organic components of the 

waste. The process produces landfill gases. The gas is harmful and has 

stinking odors. This harmful and stinking odor spread to the surrounding 

residences and institutions. This, undoubtedly, affects health and socia l life 

of the surrounding inhabitants . 

6.2. CONCLUSION 

The haphazard waste disposal and settlement pattern in the early age of 

the city; the rural sanitation culture; the growing number of city population 

and number of city visitors; the high volume of waste produced per day; 

insufficient number of toilet facility and drainage system; neglig ible 

sewerage system connection; the spreading out settlement pattern of the 

city; shortage of communal conta iners and their inconvenient placement; 

lower number of trips made by vehicles per day and non-existence of 

san itary landfill and treatment plants make waste collection, transportation 

and disposal very challenging in the city of Addis Ababa. The current waste 

co llection, transportation and disposal system and capacity are not 

matching with the growing waste generation rate. 
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6.3 Recommendations 

As it can be seen from data ana lysis and discussion part of the paper; 

proper waste collection, transportation and disposal cou ld be facilitated by 

taking in to account severa l factors. To increase waste management service 

coverage and improve the serv ice, it is better for the city government to 

emphasize on t he under mentioned aspects. 

6.3.1 Generation: considerati on of the number of ci t y visi tors, 

internationa l commu nities residing in the city and investors would help to 

know the actual quantity of daily-generated waste. Knowing the actua l daily 

waste quantity for co llection, transportation and disposal helps to set the 

storage requirements and collection frequencies . 

6.3.2 Collection: the prev ious and ex isting waste co llection rate of Addis 

Ababa city is ve ry low. Especially, liquid waste co llection rate is no more 

below 7 percent. Adequate number of workers and eq uipment (containers, 

vehicles, dust bins, etc), proper location of containers and access ible road 

conditions are the basic once for proper waste collection. It is better to 

distribute containers in a way t hat considers: the distribution of the 

population; the rate of so lid waste generation, and the optimum distance 

that beneficiaries travel. 

Cj'. Container Placement: identification of areas which do not have 

contai ner wi thin a con venient distance facil itates waste collection and 

tra nsportatfon. It is also important to know as to what is a convenient 
:~ 

distance , for people from their places to the container . This would serve as a , .. 
guideline to decide the maximum distance that should be considered while 

planning for proposi ng new waste containers or relocating the ex isting once. 
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b. Increase the number of containers: containers are the major 

equipment used for solid waste collection. Container to population rati o is 

1: 7,316. The number of containers is not enough and not evenly 

distributed. About 42.49 percent of the solid waste left uncollected. This 

necessitates the provision of additional containers and distribute in an 

evenly manner. Besides, dust bins play a pivotal role in collecting 

pedestrians waste. 

c. Increase sewerage system coverage: the capacity of existing 

sewerage system is only 5.53 percent of the total daily generated waste. 

Additional sewerage system construction helps to minimize the existing 

problem. 

d. Increase drainage system coverage: storm water drainage 

coverage of the city is 38.89 percent. Even the existing drainage system, 

due to illegal waste disposal, does not properly function. Additional drainage 

line construction and raising commun ity awareness to stop illega l waste 

disposal helps to minimize the problem. 

6.3.3 Transportation: available vehicles should be properly maintained 

and kept. Besides, good and accessible road conditions and rapid and clear 

traffic conditions facilitate the rate of daily trip. 

a. Increase number of vehicles: solid waste collection veh icles and 

liquid waste sucking trucks are small in number. As a result, small 

proportions of the generated waste are transported and disposed . The 

vehicles render service for long time, hence maintenance become difficult. 

Increase the number of both solid and liquid waste transporting vehicles 

cou ld help to improve and raise the existing waste transporting coverage. 
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6.3.4 Disposal: It is better to provide the landfill top so il cover, free ly 

access to a bulldozer on a regular basis, improved access roads in multiple 

directions, offi ce fa ci lity, controlled access of waste pickin g by scavengers, 

drainage for storm water evacuation and fence. Some rad ius of a buffer 

zone helps to avo id construct ion of buildings and the danger of em issions of 

landfill gas. Water, electricity and comm unicat ion utilities are also very 

essential. These ca n sig nifi ca ntl y prolong the life span of the la{1dfill and 

reduce the negative envi ronmental impacts. Moreover, the workers should 

also be provided with gloves, masks, uniforms, and periodic medical --- ",," __ _ 
checkups . Effecti ve monitoring and eva luation should also back the process. 

Meanwhile, sa nitary landfill site is needed. The new site se lection and its 

development must be based on sou nd scientific criteria and incorporate 

community input especia ll y in site se lecti on. A site's design and 

development must use sound engineering principles. 

Mobilization of the general public and creation of the requisite awareness 

helps to minimize or alleviate the existing problems. Besides, plan nin g and 

effect ive execut ion of holistic development schemes and guide the urban 

growth towards achiev ing sustainable development helps a lot to allev iate 

the ex isting problems . 

6.3.5 Further study: research on the city waste condition and solid 

waste generation rate would help to further identify the drawbacks. 

------The end------
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Addis Ababa University 

School of Graduate Studies 

Faculty of Business and Economics 

Department of Public Administration and Development Management 

Subject: Research questionnaire 

Dear respondent, this questionnaire is designed to examine the 

current situation of waste management in the city of Addis Ababa and 

thereby aim to suggest possible solution. The study is basically used 

for academics purpose. And hence, your responses are very vital for 

the success of the study. Therefore, please answer the questions 

attached herewith honestly. I thank you for your cooperation in 

advance. Finally, I would like to ensure that your responses remain 

confidential. Do not write your name. 

Regards, 

Yimenu Mekonnen 
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Questionnaire to be filled by the sample households 

Please circ le one or more of the cho ices given in the li st 

1. Sex 

A. Ma le 

B. Female 

2. Address 

A. sub city 

B. kebele 

3. Number of family member(s) of the household 

A. 1 

B. 2 

C. 3 and above 

4. Age of household heads 

A. 18-30 

B.31-45 

C. 45-60 

D. Above 60 

S. Educational level 

A. Illiterate 

B. Read and write 

B. Grade 10/ 12 

D. Diploma and above 
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6. Do you have employment? 

A. Yes 

B. No 

7. If the answer is yes to question number 6, in what organizations 

you are working for? 

A. Government 

B. Private sector 

C. Involve in informal sector 

D. Housewives 

E. Student 

8. The type of house(standard or condition) you are living in 

A. Soil floor and corrugated iron wall 

B. Soil floor and 'Cheka' wall 

C. Cemented floor and 'Cheka' wall 

D. Cemented floor and blocket wall 

9. Does the house have toilet facility? 

A. Yes 

B. No 

10. If the answer is yes to question number 9, please indicate the 

standard of the toilet 

A. Wooden floor, 'Cheka' wall and corrugated iron roof 

B. Cemented floor, Ceramic wall and corrugated iron roof 
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11. If the answer is yes again to question number 9, what is the 

type of the toilet? 

A. Dry pit latrine 

B. Septic tank systems (flush tOilet) 

12. If the answer is no to question number 9, in what way do you 

use to urinate and excrete? 

A. In group toilets 

B. Open fields 

C. Near to road sides 

D. Near by river course 

E. Other (please specify) ___________ _ 

13. Do you have a bathroom in your house? 

A. Yes 

B. No 

14. If the answer is yes to question number 13, where the waste 

water, including other liquid waste, drains? 

A. To the open ditch at the side of the street 

B. To drainage system 

C. To any open field 

D. Other (please specify) ___________ _ 

15. Do you regularly empty and clean the toilet when it fills? 

A. Yes 

B. No 
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16. If the answer is yes to question number 15, who is your service 

provider? 

A. Government 

B. Private 

C. Other (please specify) __________ _ 

17. If the answer is no to question number 15, what do you think is 

the basic reason? Please clearly state 

18. What type of materials do you use for cooking? 

A. Firewood/leaves 

B. Charcoal 

C. Fuel 

D. Other (please specify) ___________ _ 

19. What type and components of wastes are generated in your 

household? 

A. Kitchen, laundry and Bathroom waste waters 

B. Food items and slaughtering by product 

C. Ash and dust 

D. Clothing 

E. Home utensils 

F. Plastics 

G. Paper, packaging materials 

H. Leather, rubber, metal 

1. Other (please specify) ___________ _ 
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20. What materials do you use for waste collection? 

A. Bucket for waste water and solid waste 

B. Basket (Bamboo or Plastic) 

C. Sack 

D. Festal 

E. Other (please specify) ___________ _ 

21. Is there any possibility to minimize or reduce the amount of 

waste your household is generating currently? 

A. Yes 

B. No 

22. If the answer is yes to question number 21, what are the 

possibilities of reducing the waste? 

23. Is communal container for waste disposing system available in 

your vicinity? 

A. Yes 

B. No 

24. If the answer is yes to question number 23, does there enough 

or sufficient communal containers? 

A. Yes 

B. No 
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25. If the answer is no to question number 24, what is the reason? 

A. Lack of communa l containers 

B. Lack of commitment 

26. If the answer is yes again to question number 23, do you use 

the communal container regularly? 

A. Yes 

B. No 

27. How often do you dispose waste of your household? 

A. Everyday 

B. Every 2 days 

C. Every 3 days 

D. Once in a week 

28. How far is the communal container from your house? 

A. 50 to 200 meters 

B. 201 to 600 meters 

C. 601 to 1000 meters 

D. 1001 to 1500 meters 

E. Above 1500 meters 

29. If the answer is no to question number 23, what other means do 

you use to dispose your household waste? 

A. Dump or drain on the road side 

B. Dump or drain on open field 

C. Dump or drain in sewers 

D. Throw or drain into the river which flows in the vicinity 
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30. Is there any possibility to minimize the amount of waste your 

household is generating currently? 

A. Yes 

B. No 

31. Does the placement of communal containers encourage people 

to use the service than disposing in other places? 

A. Yes 

B. No 

32. The private sector waste collection service in comparison to the 

government is 

A. Costly but fast and efficient 

C. Cost is compensated by prompt and efficient service 

D. Government service is by far good 

33. Who disposes your household waste to the container' 

A. Myself 

B. Children 

C. Non-family members 

34. Communal containers are emptied:-

A. Da ily 

B. Two days 

C. Three days 

D. One week 

E. More than a week time 
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35. Where do you drop your waste if containers are full or not 

emptied timely? 

A. Dispose in the road side 

B. Dispose around or near to full container 

C. Dispose to the open ditch 

D. Other (please specify) ___________ _ 

36. Do you get waste collection service from MSEs? 

A. Yes 

B. No 

37. If the answer is yes to question number 36, how often the MSEs 

collect waste from your house? 

A. Weekly 

B. Twice a week 

C. Other (please specify) ___________ _ 

38. How much monthly payment do you pay for the service? 

Birr _______ _ 

39. For what purposes do you use the solid waste in home more 

frequently? 

A. Exchanging with 'Liwatch' 

B. Get repaired by 'Tegagne' or repairers 

C. Selling for 'Quralyo ' 

40. Do you have Quralyo as your client? 

A. Yes 

B. No 
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41. If the answer is yes to question number 40, what type of 

materials do you sale for Quraly07 

A. Used shoe 

B. Packaging items (cans, plastics, cartons) 

C. Used metallic home applia nces and glasses 

D. Other (please specify) ____ ______ _ 

42. Do you exchange used materials with Liwatch? 

A. Yes 

B. No 

43. If the answer is yes to question number 42, what type of 

materials do you exchange with Liwatch? 

A. Used shoe 

B. Used cloths 

C. Other (please specify) ___________ _ 

44. Do you use repairers to repairer materials at home? 

A. Yes 

B. No 

45. If the answer is yes to question number 44, what type of 

materials do you repair? 

A. Used metallic & other home appliances 

B. Plastic containers 

c. Umbrellas 

46. Do you prepare coffee ceremony at home? 

A. Yes 

B. No 
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47. If the answer is yes to question number 46, do you use green 

grass for coffee ceremony? 

A. Yes 

B. No 

48. Do you slaughter animals at home? 

C. Yes 

D. No 

49. If the answer is yes to question number 48, how many animals 

do you slaughter per annum? 

C. 1-5 

D. 6- 10 

50. If the answer is yes aga in to question number 48, where do you 

dispose waste of slaughtering an imals? 

A. Communal Containers 

B. Micro Enterprises 

C. Septic tanks 

D. Open space 

E. Open ditches 

F. Streams 

51. Do you know the establishment of sanitation and beautification 

committee in your kebele? 

A. Yes 

B. No 
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52. If the answer is yes to question number 51, do you participate 

as part of or in support of the committee? 

A. Yes 

B. No 

53. If the answer is yes again to question number 51, what do you 

do with the committee? 

A. Campaigning 

B. Protect ing illegal waste dumping 

C. Educating the kebe/e residents 

54. Do you believe that waste management service rendered by t he 

city is satisfactory? 

A. Yes 

B. No 

55. If the answer is no to question number 47, please briefly state 

be/ow what should be done to improve the service 7 
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ADDIS ABABA UNIVERSITY 

SCHOOL OF GRADUATE STUDIES 

FACULTY OF BUSINESS AND ECONOMICS 

DEPARTMENT OF PUBLIC ADMINISTRATION AND DEVELOPMENT 

MANAGEMENT 

Situational Analysis of Solid and Liquid Waste Management in the City 

of Addis Ababa: The Case of Ten Kebeles 

Interview guide 

1. What are the strengths and weaknesses of waste collection, 

transportation and disposal system in the city of Addis Ababa? 

Are there constraining or challenging factors that impede waste 

collection, transportation and disposal system? 

2. What initiatives have been taken by your good office to 

minimize or rectify the challenges and to improve waste 

collection, transportation and disposal practices? 

3. What opportunities are there for proper waste collection, 

transportation and disposal activities? 

4. What do you recommend to ameliorate waste collection, 

transportation and disposal practices of the city? 
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1'\. "'11n·n'l· {TO'Itt: 1'<l<J..1~t\ 

eh. 1 0<;' OJ,!:', 9° 12 <;' h tt: t\ Y m <j' '1"1' 

(TO • .Il. T I'\~ "'1 ], <j' h tty nil,!:', 

6. r»t. M~')' ? 

V. h~ 

1'\. I'm9° 
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7. f'h/,. -/!'l'C 6 oolMlfll "ftfll" hlf'/ of'H'(J}' Y:C'f.+ (J}'fl'l' ~(J). fOTJ..O<;"r? 

u. 0001"lfl-r ooM,f'o,,)· 

fl . O"lA ~:C'f.·')· 

rh. fh ;J<f fJAIf'/- 001'1/1 :}~ 

00. rfb')' hooo,:,· 

IJ.l • ' I' '"1 /-

8. fOTJ.. '1<;'0+ o,'r f"l1fJ;:t- u·'t,;:t-

U. oot-'I, ftt!.C hC] "l~:"lP'(J}- -IIC-IIe' 

fl. 00 t-1: ft t!. C h C] "l ~.: "l P'(J}' 6f}':p 

rho 00t-1: f'L "'l.1·f. hC] "lY.:"lP'(J}· 6f}':p 

00. oot-'" f'L OTJ..1·f. hC] "l Y:"lP,ar llfl~h,-r 

9. I' 00 c,o t-,f' o,'rfll foofJP,J.t o,-r Mar? 

u. l,fIl 

fl. I' fI(J}'9" 

1 O. f·I·t- -1!'l'C 9 ooAflfll "ftfll" hlf'/ f"li'}')'o"" f"l1fJ;:t- U· '/. ;:t-? 

U. oot-,,, h'}(,r.d· : ''If!.:''lP'(J}· "I.":P hC] nl&,f'aJ- .fIC-IIC' 

fl. 00&"" O.t7'l.'}·f. : "lY:0}p,(J}. t'l.t-"'l.n 1,C] ~M'(J}. -IIC-IIe:' 

11. O~·;'JU'Z. f'I-t- -/!'l'C 9 ooAflfll "l,fIl" hlf'/ foofJP,!i 0.'1: ft~'d­

U. h·I·fJP,P,. 01'1 (J}-" '"1~M f'"1,f'fll-A 

fl. h 'I'fJP,P,- 01'1 (J}'" '"1~M fOTJ..,f'fl:fA 

12. f'rt- </!'l'C 9 ooAflfll "ffl(J}'9"" hlf'/ Of ')' fl~t- ~fJP,P'fI'? 

U. 0;Jt- ooj/,P,J.t o,-r 

fl . "'l. P, 'I ~ 

rh. 0001'1 Y: P'C;J~ fill, 

00. 0(J}11 1':j- ftl"jfJfl. 

1J.l. 1\'1 }lfl(M hfll ~'l''''(),) ----------------------------------------
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13. I'oue;' tf (1·H:u I' ou ;rmO.f (1,), ~\t.(J).? 

U. ~\fD 

1'1. I'M)'?" 

14. I'./'t.- '/:'l'C 13 ouMlfD "nfD" hlf~ tt:I'Jo' (J»'..')' ~'/.P,tI Ml~~r· ·11i'ii'i 

tt: I'J i'i r 1 (J;\,?" C' ? 

U. Oou11~ p'C;rfDl' 0"'l.1r htt:1' 1'.J1i'ji'i OTJll(J)1~ ·/,(IfD1~ 

1'1. Oout,·), m·ll'l' t.m·ll'l' 01'.JIt..;. 1'.J1i'ji'j tt:I'J'{j "'Ill(J)1~ '/,(IfD:r 

rh. 0 "'I 1~ m·9° 1'1 ITJ II tt: t.-

ou. M 111'1 (MhfD ,e'l"I'{J,) ----------------------------------------

15. l'ou(:JP'~ (1')'fD fl. '1" 'I o '.I: "'l. '1')' tt:I'Jo"} fll au 'I'IlM'(,f'(:JP'I'l ' )? 

U. ~\fD 

1'1. ~\~J?.Mu 

16. I"r t· ./! 'l' C 15 ou tI II fD "n fD" h If ~ n 1 tI "I I'l'+ 1'lT'l. (J 'l' fD "'I '/OJ'? 

u. ou1"1ll')' 

1'1. "IM'O 

rh. M I1I'l (M h fD ~ 'l'''' (J.) ----------------------------------------

17. I'./ .t.- '/:'l'C 15 outlllfD "n~~t.?"" hlf', ouflt.;J''P. 9"h'}J"'/, ?"1J;',(J)- ·Ot.m­

J'WM'? 

18. 9""1'0 l'o'Z.fnM+ 1l9°1J;1 ~(J)-? 

U. A 11X1.')' (J)~9° ;I'mtl 

1'1. h(ltl 

(h. ;J11 

/p. M I1t.(Mh fD ~'l'.,.{J.) ----------------------------------------



19. nfVr 9' f'l1'l.t.m<;. Ni'ii'i n~ ~rre; 'l'1,pC 9°1~1 e;r(JJ'? 

u. hll'JO~' fl.rr hh'l'nrr he; f]~ fl."'" ~I'\'(j 

1'1. h?DaHl (JJ·m·H· he; hh1M:" hC~ 

m. hnon~e; n'J.t-

on. h~'Af]l'\rr 

1Jl. hfl. r). (JJ'fl'l' on1A1Y o:J>fP'i' 

t. . II fl·t; t, ...,~ 

I'l. (JJ t. 'I' 'Iq~ h e; f'lI'J 0 'L Y 'I! 1'\ <P. (I ~r 

0. h"~.£l : 7l1'J 7, e; ·nt. ·r·:r-
'I'. M I-JI'I(MllfP ~'NI'l') ----------------------------------------

20. 4l i'ii'i l'Ionl'l·nM.Y 9°1 a,~~rr h.n ~(1l'I'lI'Jtr? 
u. nCOtJ.A 1'I~1'\'(j 

1'1. ,pC6&j,r). (hh'}(J;l,:" (JJ~?D Tllfltll f'rl'lt-) 

m. "fi.1Y (JJ~?D hlm."'" 

on. f'lIft·tll ht.m."'" 

1Jl. tV\ I-JI'I(MllfP ~'l'1'tr) ----------------------------------------
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21. nM'~' 'Lit nfl. rr9' f'D'l.t.m<;. '~i'ii'i9''i'1 onm1 l'Ion'I'~fl f'D'l.Yfl'fA h~'A 

~c,°C ~lf'1? 

U. ~,I'I 

1'1. I'M" 

22. I'I'l'Y'l: </!'l'C 21 onAfl9' "M " hlf'~ ,1li'ii'ifP'i"} uO(Jn l'Ion'I",fl 

f'D'l.m'I'uo·n·)·1 on'n~ fl.1A?r? 

23. f"~i'ii'i lI'Jmt-1'l1'l.Y 11.£l nHt-QY 9' M~A? 

U. ~1~A 

1'1. nM1?D 
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24. 1'\1' .f"I: '/!1'C 23 ootl{J91 "y,?<;'tI" hlf', 01: 1'If', f'4Ii'ii'i "'7m('·'I''''l..f' n~ 

M '01'\ m· nne; I'\'? 

u. ~,91 

1'\ . I'M" 

25. 1'\1' .f"1: 'I11'C 24 ootl{J91 "1'1'\9"" hlf', ?Dn'}.f"I, 9D'}.I~:'} ~m·? 

U. \>try mt,. 'I''''l..f' n~ h l' l'r 

1'\. l' ',I'} 7i '1'). Moo <j' C 

26.0.l':.?"'l. N·t,. 4!1'C 23 ootl{J91 "h91" hlf', f'l"Jmt,.1''''l..f' n~911-'} O<J:"'l.",r 

.£',(Il'I'l"J I'\'? 

u. h91 

1'\. htlm'I'9"9D 

27. Ofl,-r cMl1' \70'l.t.mc;. 4Ii'ii'i91T'} 09",} .f'tJtI Ub m·{J1' .f'{Jm"}~;fcptl? 

u. 01"1'~· 

1'\. m' u- 1'\ } 'I' ',-

eh. 0('(11'11- '1"" 

QU. Ol'}?"'}')- ~,'}9" 

28. I'.Jli'ii'i l"Jmt,.'I''''l..f'm· n~ hfl,'r91 9D'} .f'tJtI .£',Cft'M 

U. h50 Mh 200 "'I.·)·C 

1'\. h201 Mh 600 "'I.·)·C 

eh. MOl Mh 1000 "'I.-rC 

00. h1001 Mh 1500 "'I.1·C 

1J.l. h1501 "'I.-rC Oil.£', 

29. 1'\1' .f"1: </11'C 23 ootl(t "hy,?"i9"" f'°'l,tI hlf', 0fl,1'91 f''''l,t,mlm''} ,Jli'ii'i 

1'\°'l{Jm1f!: f'OlLm'I'oo'O 'r /\1\ t19" ?D'H':'} ',m'? 

u. Ovo'}?f!: ·'IC noof!:tJ. ·}·e; Ol"J'i:M 

1'\. On'i:')' (I;r noo~·tJ- ·)·e; Ol"J'i:M 

eh. 0'1,(1 m·{J1' Ooo~·tJ.-re; Ol"J'i:M 

v O • M,;I't,.Q.f' 0"'7,1"i m,}11 m·{J1' Ooo~·tJ.,)· e; Ol"J'i:M 
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30. I' 41 i'ii'i 0'] (Jl t--"""l.J' 1') ~ 0 = '} ,('.C fD = 17 '10 \J'O l' I' f'lO. tv'l n;:r h = (Jl'p 9u 

~t\:P 01')~ 7, '}~.(Jl"'9° "Y.:C7;:rt\? 

U. "fD 

1'1. M.I'.l10)09° 

31. 0'7t\ '1".l:O'],r 1''''l.(\(Jl(J}' I'.fi'ii'i ,,(J};J?Y: ,,1t\ '7 1'1 " ,}, h=,}'7l1'r .?C (\)'ItIC 

U. (J}'.I'.' 'l1C '7,} tJ'l,}'1 lI:1'-r J'I'I(J}' 

1'1. n:P~'} J'?'1HO tJ'l,}'1 lI:1"}' .f'1'I(J}' 

tho h'7t\ '1".1:0']:" ~t\:P 1'=,}'711-r n1t\'7fto'r Mhl,U''} 1'<;' '/(J)' 

32 • 0 11 ,}, (J}'ll1' I' "'l. t. (Jl<;' ~ i'i 7i fD "T''} (J) .I'. ~ 7i 7i 0'] (Jl t-- '" "'l..f' 1') ~ I' "'l. (J) ll.l'. (J). 

O']'} 'f(J}.? 

U. M. hMb 

1'1. t\ '/i.:r 

(h. 1'11'1' (\-0 Mt\ J't\If'/ (\(J)' 

33. 1''1''fl' 1-'4'i'ii'i "'l(Jlt,·I''''l.Y 1'}~fD1' fir'} Y\Jt\ 1Jb f!-'/t'ttI.? 

U. 0 I' 'f' 'I' 

1'1. OI'U'I'I-r "'~ 
tho 01'Y'1I-r ,p~ 

=. OI'<'Ir'}'1o 

IP. hn'}.\'.' <'Ir'}'r ntl~ 

34. I'.f. i'ii'i 0'] (Jl t-- 'f''''l..f' n~$D T fI. '1" 1'1' (J) M U 0'1. t\. <'I M tin (Jl. fI. ",<;. ,f. i'i7i fD 1''} 

I"}' ~.I'.4.fl'? 

U. 0='}1.1'.· ~C h1''1I'1U' 

fl. 0'1"'1(J}' "~i'ii'i 0'](Jlt--","'l.J' n(Jl711 (J)~~ Ht--O,J' h1''1tlU· 

(h. OtJ~,}, 'IonfD:f (J}·lI1' h1''1I'1U' 

=. I'IA !Jtl(M h fD ~ 1"/'1'1.) ----------------------------------------
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35. h M fl..,· <;' 'j' '1'.4'~, 1 n"1 Y: H C Ii: r.f> i'ii'i uo (}·n 1'111 h 1 t:\ "1 n'+ ..,.. m .4''''l. " fP .).? 

V. t,fP 

II. l,'I1"iV'9" 

36. 11'1' f'</: 'I!'1'C 35 uot:\(t "hfP» r"'Lt:\ hlf~ M,',fl'/'<;''j' '1' .4'~'1 n"1~' HCG:1' 

r"'L on on ro· ,J: i'ii'i n r 9" 1 f'U t:\ 'Ltb ro· fl '1' " ro·? 

V. nrI'l9u 1'/: 

II. n r V·II .). 1'19"'H 

0 0 • 1\,'1 I-JI'I U, fJ n fP .e '1"I'(}.) ----------------------------------------

37. M,1t:\ "1110
.." nroC 9" '} f'Ut:\ .ehli:'Ih-? 

·nc ------------------

38. ·n H' 1. Ib n n. .). ro· fl '1' r"'Lt. m.;. T 1 U. q, .f> i'ii'i fP l' II 9" 1 ..,.. "1fJ C 

.em 4'uo·Wfcp t:\? 

V. t:\ cP~ Mro''1'fJrCPIIIJ-

1'1. n"'ll)~fl n~'?"'L MMt:\fJrCPIIV· 

rho Mt-I\,ro· 710flJrCPI\lJ· 

39. <<'/It-II. r·» ~ 1n<;' fP ~ro·? 

V. t,fP 

II. t,.e.I'.Mu 

v. n M II· 6"1. "'I fP :1: 

II. r"'li'i'Lf' 71.4' fP1' (.f>C.f>C' : 'Ifltn 71 'j' I-J c·y. '11' ) 

0 0 • n M II· r n. .). ro· fl '1' ·n d· ~ n uo 1 t:\ 1f' fP:f 

/p. 1\,'1 I-JII(MnfP .e'1'4'(}') ----------------------------------------
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41. 5'1Mtr "!t:J>$D:f1 hb'\'P6f." ,:JC ,e1'l'PmI11tr? 

U. h$D 

1'1. h,e~I'I9" 

4 2. 1'1 l' .I' 'I: '/: l' C 41 un b'\ iI 91 "h 91" h In hb'\ 'P 6f." ,:JC t"7'l. ." .1'1' <;. 7- </: <'I </! (l :r· 9" 1 

h,e"7- '1Tm·? 

u. 5'1 M 1'1' 6liJ, $D"f 

1'1. 5'1Mtr hM<'I'}-

(h. (1.'\ 1-JI'I(hfln$D ,e'Nf'l-) ----------------------------------------

43. on.'}- m·il1' 5'1MI'I"}-1 </:<'1</:(11' 1'I°'7i1m11 Oun1J'.C I''''l.tl<;' m,:J'1':r'1 

,e m ." "'7 1'1-? 

U. h$D 

1'1. t, b'\ m ,,, 9" 9" 

44. 1'11' Y</: 43 unb'\iI$D "h$D" hln 9"1 h,e'rr o:J>$D"f1 Yilm"J'1M 

U. 5'1MI'I' I'fl.'}- m·il1' 1U.,r 'tn un1MY$D"f 

1'1. I'T"iltn un Y'lf $D"f(/11'i;,e ',C'"f) 

(h. 'lf11'''$D"f 

45. "!tn.7- m-il1' 0-'1 nJIM 

U. h$D 

1'1. M&."9° 

46. 1'11'.f'</: 'I!1'C 45 unb'\iI$D "h$D" hln 0.'1 t'lY &.1'1- <'IC ,e1H1-tjl\-? 

U. t,$D 

1'1. hb'\ 1H1-119" 

47. hll,H1 YC.III'I-? 

U. h$D 

1'1. I' 1'1 ~ 9" 

48. 1'11' Y</: 'I!1'C 47 oob'\iI$D "h$D" hlf't W}un7- 9"1 yub'\ h·o,H·1 YC.III\·? 

U. h1 Mh 5 

1\. h6 Mh 10 
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49. n.r:.?cnz. 1'11')"1: '/!1'C 47 (IOt'lll?J « ~I?J" htf'l ·"U. ~lCP,·1 V·), ,(',1'''I'I'? 

u. of> i'ii'i "'1 m t--4'cnz.)' 111', £D'll1' 

1'1. n1' :p~'I'l MM';;: V1'U: nt--1'i1>l- nh·t'I ,(',(J)1P,t'I 

m. n(I011.e: P,C n(IO.e:4.-r 

1'1. n Vh"i: -), n;t'?J l' n (IO,e.' 'i, l' 

m. n-t:n (J)'ll1' n(IO,e.'4.-r 

(IO. n(J)l11 (J)'ll1' n(IO,e.'4.1' 

50. n4'ntb?J (J)'ll1' V~P,-r'l m,n-)' ttcnz.·/; (IO**~1 )'(J)':p~? 

u. ~l?J 

1'1. Mm'~'9u 

51. 1'11'$"1: '/!1'C 50 (IOt'lll?J " ~\?J" htf'l nttcnz.·/;(J)· (J)'ll1' ,(',<'\'/' 1.1'1' (J),(',9u 

ttcnz.·/;£D'1 ,(',LP,t'\-? 

u. n?J 

1'1. ht'l<,\1'''i:9"lht'lLP,9") r 

52. 1'11')'</: <Il1'C 51 (IOt'liI?J "n?J" htf't httcnz.·/;(J)· .?C 9"1 7lVn~ 't(J)'? <~ v . 

u. tI (IO;r "'1'<1"'.e: r . ~ 
1'1. (h 1 (J)1' V4I i'ii'i h (J) .?1.e: 1 (IO of> fl] mC 

m. V,,. n tb 'I cP t. ?J:r, 1 "'1 il1''''1 C 

53. nh-/''''1(J)' Vcnz.nm(J)· Vof>i'ii'i n(J).?1.e: n1t'1"JI'I~'r ilCo,·), n1'.?1t 't(J)' ,(',lIt'\-? 

u. h?J 

1'1. ~\,(',,e.I'I9" 

54. 1'11')"1: '/!1'C 53 (IOt'liI?J "h?J" htf'l h1t'1"JI'I"'/:1 1'I°'7<'\,e."J 9"1 UD.'l.t."l 

~ 1 P,t'\n .), n h "L" ~ n . .f' iI L 1'" ? 
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